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H E ufefulnefs of numerical Ta- 
bles, in the practical arts and 
fciences, is fo univerfally acknowledged^ 
that the prefent publication fcarce needs 
an apology. By their means We fave a 
vaft deal of time and labour: witnefs 
the facility with which the operations 
of Trigonometry, and the more difficult 
queftjons of arithmetic, are now per- 
formed, when compared with the ope- 
rofe and difcouraging methods of com- 
putation ufed in ancient times. 

No wonder therefore that the Tri- 
gonometrical Tables, and thofe of Lo- 
garithms, reduced to the moft perfect 
form, by the fucceflive labours of learned 
and ingenious men, are in every body's 
hands. But frill there are many par- 
ticular Tables and Tracts, relative to 
ufeful Arts and Sciences, which lie feat- 
tered in different volumes, fome in print 
abd fome in rnauufcript, to which many 
curious perfons cannot always have 
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rea4y accefs* Such, of thefe as the 
autfer jfedge*fwc*ild be m#ft acceptable 
to the public, he hath colle&ed into 
this manual, together with a few eafy 
rules and examples directing their ufc» 
To thefe he hath added feveral of his 
own: and, throughout the Tables, he 
hath taken all* poffible care that the 
numbers fhould be corred. 

But although, on revifing the book 
after it was printed, he has not found 
any errors in the Tables; yet he has 
found fome in the other parts of it: 
thefe, he has put down after the Con- 
tents ; and begs that the candid Reader 
will excufe, and correct them* % 
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Par. 1 1 2, /. 5 from the bottom, fir rround read round. Pag. 
121, ?. ii f fir equation time read equation of time. % Pag. 142, 
/. 1, fir multiples read multipliers. Pag. 144, in/. 7 and 8, 
leave out the parenthefis, and all that is within it. Pag. 144, /. 
11, fir multiples read multipliers. Pag. 167, /. 3 From the 
bottom,/**- worrthy read worthy. Pag. 179, /. 3 and ^ from the 
bottom, for 4640 and 4618, read 6440 andh\\%. 

The Reader is defired to obJer<ve, that from the 16th line ^fpage 
j 39 to the end ©/"page 1 40, the 'whole ought to be as follows. 

3960 hours (the conjunction of A, B y C, and D) multiplied 

by 2, is equal to 144 hours (or ^- ) multiplied by 55 ; equal 

to 7920 hours,, for the time of the next conjunction of A t B 9 C 
i>, and E, after their firft fetting out together. And 

7920 hours (the laft mentioned conjunction) multiplied by 7, 

|s equal to 1 1 2 hours (the conjunction of E and F, or -^~) mul- 
tiplied by 495 ; equal to 55440 hours, the time when all the fix 
hands A* B, C, D 9 E and F will be in conjunction again, after 
the inftant of their firft fetting out together, from a conjunction 
at any given point of the Dial-plate, and all moving round the 
fame way, in the times abovementioned. 

Now, as it will require 55440 hours (or 2310 days) to bring 
all.thefe hands together again, after their firft fetting out toge- 
ther; divide 55440 hours by the number of hours in which each 
hand goes round, and the quotients will mew that A has made 
2310 revolutions, B 25^0, C 2jj2 y D 3080, E 3465, and F 
3960. And, at the end of fo many more revolutions of each 
hand, they will all be in conjunction again ; and fo on con- 
tinually. 
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Table I. 

The mean time of New Moon in Ja- 
nuary ', according to the Old Stile, 
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S. ° ' 

S. ° ' 
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H 45 

6 21 14 

d 55 

01 
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12 17 

7 10 7 

11 6 32 

02 
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21 6 

6 29 22 

9 16 20 

03 
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5 55 

6 18 38 

7 26 8 

94 

24 

3 *7 

7 £ 3 

7 * 45 

°1 

13 

12 16 

6 26 16 

5 " 33 

06 

2 

21 4 

6 15 32 

3 21 21 

07 

21 

18 37 

7 3 35 

2 26 58 

08 

10 

3 25 

6 23 11 

1 6 46 

09 

29 

58 

7 » 33 

12 23 

1710 

18 

19 47 

7 48 

10 22 12 

11 

7 

18 35 

6 20 3 

920 

12 

25 

16 8 

7 8 26 

8 7 37 

*3 

15 

56 

27 42 

6 17 25 
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9 45 

6 10 57 

4 27 13 
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23 

£ J £ 

7 5 2d 

4 2 50 
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11 
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6 24 35 

2 12 38 
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6 13 51 
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11 28 3 

19 
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7 16 

6 2-1 29 
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2 Z 
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7 9 5i 

9 l 3 28 
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5 8 4i 
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4 40 

6 26 1 

3 18 29 
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13 35 

6 15 17 

1 28 17 

26 

21 

11 8 

7 3 39 

* 3 54 
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10 

19 56 

6 22 55 

n 13 42 

28 

28 

17 29 

7 " 17 

10 19 19 

29 

18 

2 17 

7 ° 33 

8 29 7 

1730 
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11 6 

6 1949 

7 8 55 

3* 

26 

8 38 

7 8 11 

6 14 33 

3* 

14 

17 27 

6 27 27 
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16 
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29 
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26 
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6 
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58 
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9 36 
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25 46 
15 2 

3 24 
22 39 

11 2 

o 17 

19 33 

55 
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27 11 

16 27 

449 

24 4 

13 21 
o 20 59 

7 9 21 

6 28 36 

6 17 52 

7 6 14 
6 25 30 

6 14 46 

7 3 8 

6 22 24 

7 10 46 
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29 
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21 
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11 
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10 26 
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11 

21 
27 
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16 
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2 
12 

17 

*7 

3 


9 
46 

34 
22 

59 

47 
24 

12 
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25 
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5° 
38 
16 
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S 2 
29 

17 
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18 

55 
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33 
21 

9 
46 

35 
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6 
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4 
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9 

10 
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11. 

11 

1 

1 
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3 
3 
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6 

7 
8 

8 

8 

10 

10 

10 


16 
25 

3 
11 

20 

28 
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*5 

2 3 
1 

9 

17 
26 
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J 3 

21 

29 

8 

16 

24 

3 
11 

l 9 

*7 

5 

32 

o 

9 

17 

25 

4 
12 

20 


43 
26 

28 

3i 

14 

17 
o 

3 

5 
48 

5 1 

54 

37 
40 

23 

25 

28 

11 
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5 

48 

5 1 

34 

37 

39 
22 

25 
28 
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Table I. concluded. 
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Old Stile. 

J( * 
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Sun's j Moon's 

Sun from 

1767 

Moon. 

Anomaly. 

Anomaly. 

Node. 

H. M. S, 

S. ° ' 

S. ° ' 

S. °*' 

18 11 19 

70a 

5 13 

1 1 28. 59 

68 

6 20 8 

6 19 18 

3 22 48 

072 

69 

.25 17 40 

7 7 4o 

2 28 25, 

* *5 45 

1770 

15 2 29 

6 26 56 

1 8 13 

1 23 48 

7 1 

4 u 17 

6 16 11 

.11 18 1 

2 1 51 

; 72 

22 8 50 

7 4 33 

10 23 38 

3 xo 34 

73 

11 17 38 

6 23 49 

9 3 26 

3 *8 36 

74 

1 2 27 

6 13 5 

7 13 H 

3 26 39 

75 

20 

7 * *7 

6 18 51 

5 5 ** 

76 

8 8 48 

6 20 43 

4 28 39 

5 13 zc 

77 

27 6 21 

7 9 5 

4 4 16 

6 22 9 

78 

16 15 9 

6 28 21 

2 H 4 

7 U 

79 

5 23 5 8 

6 17 37 

23 52 

7 8 13 

1780 

23 21 30 

7 5 59 

11 29 29 

8 16 56 

81 

13 6 19 

6 25 15 

10 9 17 

8 24 S9 

82 

2 15 7 

6 14 30 

8 19 5 

$ 3 * 

83 

21 12 40 

7 2 52 

7 24 42 

10 11 45 

84 

9 21 29 

6 22 8 

6 431 

10 19 48 

85 

28 19 I 

7 1° 30 

J 10 8 

11 2§ : 3i 

86 

18 3 50 

6 29 46 

3 ^9 56 

6 33 

87 

7 « 38 

6 19 2 

1 29 44 

14 36 

. 88 

ij 10 11 

7 7 H 

1 5 21 

1 23 19 

89 

14 18 59 

6 26 40 

11 15 9 

2 1 22 

1790 

4 3 48 

6 15 55 

9 24 57 

2 9 ?5 

9 1 

23 1 21 

7 4 18 
23 33 

9 34 

3 18 8 

92 

I! IO 9 

7 10 22 

3 26 10 

93 

18 58 

6 12 49 

5 20 10 

4 '4 13 

94 

19 16 30 

7 in 

4 25 47 

5 1* 5 6 

95 

9 1 19 

6*20 27 

3 S 35 

5 2< *S9 

,96 

26 22 CI 

7 8 49 

2 11 12 

6 19 42 

97 

16 7 40 

6 28 5 

21 O 

7 7 45 

98 

5 16 29 

6 17 21 

U 48 

7 *S 47 

99 

24 14 1 

7 5 431 10 b 25 
6 24 59I 8 16 J4 

8 24 30 

1800 12 22 50 

9 2 33 
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Table II. 
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^pl 


Mean New Moon in January, New 

1 

1 

■ 

Stile. 

■ 


^d ^ 

New 

Sun's 

Moon?s 

Sun from 



?s> 

Moon 

Anomaly. 

Anomaly, 

Node 



SQfQ 



, \ 





■ 

) 

— ' 


• • 

« 

1752 

D. H. M. 

S. ° ' 

S. °/ 

"S. ° ' 

& 


14 18 47 

« " 
6 16 27 

1 11 s 

I 24 17 


S3 

4 3 '35 

$ 5 43 

11 20 53 

2 2 19 

\ 


54 

23 1 » 

6 24 5 

10 26 30 

3 ii 2 



H 

12 9 56 

6 13 21 

9 6 18 

3 19 5 



56 

30 7 *9 

7 1 43 

8 11 ss 

4 27 48 

1 


57 

19 16 17 

20 59 

O 2\ 43 

S 5 5* 

1 


58 

916 

6 10 14 

5 i 3i 

s 13 «■ 

1 

1 

59 

27 22 39 

6 28 36 

4 7 8 

6 22 37 

1 


j 760 

10 7 27 

6 17 52 

2 16 56 

7 ° 39 

1 


61 

5 i^* 6 

678 

26 44 

7 8 42 - 

m 1 

\ 

62 

24 13 48 

6 2$ 30 

2 21 

8 17 2^ 

I 


63 

13 22 37 

6 14 46 

10 12 9 

8 25 28 



64 

2 7 25 

642 

8 21 57 

9 3^ 


1 

. 6s 

« 4i 

6 22 24 

7 *7 35 

10 12 14 



66 

10 13 4 6 

6 ii 40 

6 7 *3 

10 20 16 

) 


67 

29 11 19 

702 

5 U 

11 28 59 


. 

68 

17 20 8 

6 19 18 

3 2* 48 

17 .2 



69 

7 4 S 6 

6 8 33 

2 2 36 

2$ 5 



?77° 

26 2 49 

6 *6 56 

1 8 13 

1 23 48 



7 1 

15 11. 17 

6 16 11 

ii 18 1 

2 1 51 



7 2 

3 20 6 

6 5 27 

9 2 7 49 

2 9 53 



73 

22 17 38. 

23 49 

9 3 26 

3 18 36 



74 

12 2 2y 

6 13 S 

7 13 !4 

3 26 39 



75 

1 11 1$ 

6 2 21 

5 ?! 2 

4 4 4* 



7 6 

19 8 48; 

6 20 43 

4 *8 39 

5 13 25 



77 

* ! 7 37 

6 9 59 

3 * 8 27 

5 21 29 



78 

27 i S 9 

6 28 21 

2 14 4 

7 11 



79 

16 23 58 

6 17 37 

23 52 

7 8 13 



1780 

5 8 46 

6 6 52 

11 3 40 

7 16 16 


( 

81 

24 6 19 

6 25 15 

10 9 ly, 

8 24 S9 


' 

82 

*3 *£ 7 

6 14 30 

5 '2 ^ 

9 3* 


1 

83 

2 23 r6 

6 3 46 

6 28 53 

9 11 g 

. 


841*0 21 39 

6 22 8 

6 4 31 

10 19 48 


' 

85110 $ 17 

6 11 24 

4 H *9 

10 27 50 


1 

* 
1 

86 hp 3 50 

6 29 46 1 3 19 56 

6 33 

1 

p 

Tabus 

1 

■ 

*^ 




♦* * . • 



'C 5 ] . 

Table II. concluded. ' New Stile. 



[ New 

Sun's 

Moon's 

Sun from 


Moon 

Anomaly. 

Anomaly. 

Node, 

D. H. M. 

S. ° ' 

S. ° ' 

S. ° ' 

1787 

18 12 38 

6 19 2 

- 1 29 44 

14 36 

88 

6 21 2$ 

6 8 18 

9 32 

22 39 

89 

2$ 18 59 

6 26 40 

11 15 9 

2 1 22 

1790 

15 3 48 

6 15 56 

9. 2 4 57 

2 9 2 S 

9 l 

4 12 37 

6 5 11 

8 4 45 

2 17 27 

92 

22 10 9 

6 23 33 

7 10 22 

3 26 10 

93 

11 18 58 

6 12 49 

£ 20 10 

4 4 J 3 

94 

1 3 46 

625 

3 ^9 5 8 

4 12 16 

2| 

20 1 19 

6 20 27 

3 5 35 

5 20 59 

96 

8 10 7 

6 9 43 

1 1$ 23 

5 2 9 2 

97 

27 7 40 

6 28 s 

21 

7 7 AS 

98 

16 16 29 

6 17 21 

11 48 

7 l S 47 

99 

6 1 17 

6 & 37 

9 *° 37 

7 *3 5° 

•|80Q 

24 22 50 

,6 24 59 

8 $6 13 

9 2 33 


Table III ? 
Containing 1 34. w^« Lunations* 


IS 
9 


I 

2 

3 
4 

I 

7 
8 

,1 

II 
12 

13 
I 

i 


New 
Moon 


D. H. M. 


29 

59 
88 

118 

147 

177 

206 
236 
26$ 

2 9S 
324 

354 
383 

x 7 


12 44 

1 23 
14 12 

2 56 

*5 4° 

4 *4 

*7 « 

5 52 
18 36 

7 20 

20 5 

g 49 

21 33 
18 22 


| Sun's 

Moon's 

Anomaly. 

Anomaly. 

S. ° ' 

S. ° ' 

29 6 

2$ 49 

1 28 13 

1 21 38 

z 27 19 

2 17 27 

3 26 25 

3 i3 16 

4 2 5 32 

4 9 5 

5 24 3? 

5 4 54 

6 23-44 

6 43 

7 22 5 1 

6 26 32 

8 21 S7 

7 22 21 

9 21 3 

8 18 10 

10 20 10 

9, l 3 59 

11 19 16 

10 9 48 

18 22 

11 5 37 

1 14 33 

I fi I2 5+ 


Sun from 
Node. 


S. 


1 

2 

3 

4 

1 

7 
8 

9 

10 

11 
o 
1 
o 


o 

I 

2 
2 

3 

4 
4 

6 

7 
8 


40 

20 

1 

4 r 
21 

1 

42 
22 

, 2 
42 
23 
3 


8 43 
%S 20 


Table 


f .«] : 

I > i i i ii i "" ii ■■ ■■ 

Table IV. 

Supplemental to . Table I. for finding 
the mean time of New Moon in Ja- 
nuary^ for 6000 years before or after 
any given year of the 1 8 th Century ', 
according to the Old Stile. 




St 


IQO 

200 

300 

400 

50O 

60O 

700 

800 

9OO 

IOOO 

I IOO 

I200 

I3O0 

I400 

I £00 

l6oO 

J 700 

l800 

1900 

2000 

2IOO 

2200 

23OO 

24OO 

2$oo 

260O 
27OO 
2800 
29OO 

3000 


New 
Moon. 


D. H. M. 


4 
8 

13 

" x 7 
21 

26 

o 

S 
9 

13 

18 

22 

26 

1 

10 

14 
18 

23 

27 

2 

6 

11 

15 

19 

H 
48 

3 

7 
11 


8 
16 

o 

8 
16 

o 

3 
11 

20 
4 

22 
20 

7 

x * 

23 
8 

16 

11 

*9 
3 

XI 

*9 

3 

11 

7 
15 
23 


5 
10 

H 

19 

24 
29 

*° 
55 

59 
4 
9 

l 9 
40 

44 
49 
54 
59 
4 

9 

2.9 

34 

39 

44 

49 

$2 

58 

l 9 

H 
29 


Sun's 
Anomaly. 

S. ° ' 

o 3 15 
o 6 29 

o 9 44 
o 12 £9 

o 16 13 

o 19 28 

11 23 36 

26 ' 51 

o 


II 
o 
o 

o 

o 

o 

II 

II 

II 

II 

o 

o 

b 


3 
6 


16 
20 

35 

49 

4 
2 


9 

13 

J 7 
20 27 

26 $6 
o 11 

3 2 ° 
6 40 

n 10 49 

1 1 14 3 
11 17 18 

11 20 S3 

ii 23 47 
11 27 2 

o o 17 

11 4 25 

ii 7 40 

11 10 " £4 


Moon's 
Anomaly. 

S. ° '. 


8 

1 

10 
6 

3 


o 

1 

16 
1 


10 21 
j 6 


21 

7 
22 


3 
o 

8 
5 7 

r 23 
9 12 


5 
2 

10 

7 

3 
o 

8 

4 
1 

t 

2 
II 

6 

3 
11 


28 

J 3 

28 

*3 
29 

H 
4 

'9 

4 
2a 

5 
20 

5 

2 5 
10 

26 


19 

37 
56 

*5 

33 

5* 
22 

40 

59 
18 

37 

55 

14 

44 
2 

21 

40 

58 

l l 
3 6 

5 

24 

43 
1 

20 

39 

57 

27 
46 

4 


Sen 


S. 

4 * 
o 

1 

6 

11 

/ 

o 

A 
1 

9 
2 

6 

II 

3 

7 
o 

4 

9 

2 

6 
10 

3 

7 
o 

5 

9 

2 

6 
10 

3 


r,v> 


J -v. • 


8 


20 
*7 

2fi 

f 
T 

?l 


1 •* 


>b 


ii 


3 


» «■ 
•> * 

2-2 7 
II 31 

o 15' 

19 39 

9 3 

28 27 

17 51 

I 1 * 

20 39 

15 2 3 

4 47 
24 11 

13 34 

2 58 

22 22 

11 46 

o 30 

19 54 
9 18 


Table 
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Table IV. concluded. 


New. 

Sun's 

Moon's. 

Sun from 

r £3 P. 
f r» p 

1 

3I0O 

Moon 

Anomaly. 

'Anomaly, 

Node. 

D. H. M. 

S. « ' 

S ° '- 

S, ° • '. 

? 6 7 34 

11 14 9 

8 41 23 

7 28 42 - 

3200 

20 15 58 

ii 17 24 

4 26 42 

18 10 

33°° 

24 23 43 

11 *> 38 

1 12 1 

5 730 

' 34°° 

29 7 48 

11 *3 53 

9 27 19. 

9 26 54 - 

3500 

4 3 9 

TO 2& I 

5 1* 49 

1 15 3* 

3600 

8 11 14 

11 I l6 

228 

652 

3700 

12 19 19 

II 4 30 

re 17 26 

10 24 26 

3800 

17 3 23 

" 7 45 

7 2 45 

- 3 *3 5° 

39°o 

21 11 28- 

tl IT O 

J* 4 

8 3 >4 

4000 

25 19 33 

fl I4 14 

3 22 

22,37 

4100 

14 54 

lo 18 23 

7 12 >$* 

4 Ii 21 

4200 

4 " 59 

IO ftl 37 

4 811 

9 ° 45 . 

4300 

9 7 4 

fo 24 52 

f 3 29 

ii 20 9 

4400 

^3 15 » 

to 4*8 7 

* 8.48 

6 9 33 

4500 

*7 2 3 l 3 

tl l 21 

5 *4i 7 

to 2$ 57 

4600 

22 7 18 

11 '4 36 

2 9 25 

3 »8 21 

4700 

26 1.5 23 

11 7-51 

14 »4 44 

8 7 45 

4800 

1 10 44 

to I 1 59 

6 14 14 

tl. 26 29 

4900 

5 18 48* 

10 15 14 

2 29 32 

4 *5 53 

5000 

10 2 59 

to 18 28 

it 14 51 

9 5 17 

5100 

14 10 58 

IO 21 43 

1 10 

1 24 41 

5200 

18 19 3 

IO 24 58 

4 *5 2 9 

6 H 5 

5300 

23 3 8 

IO 28 12 

1 47 

11 3 29 

5400 

27 11 13 

ii I 27 

9 16 6 

3 *2 53 

5500 

2 6 33 

10 5 35 

3 *5 36 

7 11 36 

5600 

6 14 38 

to 8 50. 

1 to 54 

01 

•; 5700 

10 22 43 

io m 5 

fo 16 13 

4 20 24 

5800 

15 6 48 

10 15 19 

6 21 32 

9 9 48 

5900 

19 H 53 

to 18 34 

3 6 50 

1 29 12 

6000 

23 22 58 

10 11 48 

11 22 9 

6 18 36 

The centurial differences in this 

Table are equal, but in Lunations 

themfelves they are not. — The follow- 

ing Table fhews the centurial va- 

riations. 


Table 


tn 


T 


■MPPf*7 


ABLE 


V. 


Variations in the mean times of New 
and Full Moons for 30 centuries j both 
before and after the 1 8 th century. 


700 
800 


New 

Moon's 

Sun from 

Moon, 

Anomaly. 

Node. 

Subtract. 

Add. 

Subtract. 

H. M. S. 

5 > // 

' " 

25 

24 

8 

Q 1 40 

0. 1 36 

.0 32 

O 3 45 

3 3 6 

1 12 

6 40 

6 24 

028 

10 25 

io 

3 20 

0150 

14 24 

b 4 48 

20 25 

19 36 

d 6 32 

26 40 

2$ 36 

8 32 

33 45 

52 24 

10 48 

41 40 

40 

13 20 

50 25 

48 24 

16 8 

100 

57 36 

19 12 

1 10 25 

1 7 36 

22 32 

1 21 40 

1 18 24 

26 8 

* 33 45 

1 30 

30 

1 46 40 

1 42 24 

34 8 

2 25 

1 SS 3* 

38 32 

2 15 

2 9 36 

43 12 

2 30 2£ 

2 24 24 

48 8 

2 46 40 

2 40 

53 20 

3 3.45 

2 S 6 *4 

58 48 

3 21 40 

3 *3 3 6 

1 4 32' 

3 40 25 

3 3i 3 6 

1 10 32 

400 

3 5° *4 

1 16 48 

4 20 25 

4 10 

1 23 12 

4 41 40 

4 30 24 

1 30 8 

5 3 45 

4 $1 36 

1 37 12 

5 26 40 

5 l $ 36 

2 44 32 

5 5° *5 

5 36 24 

1 '52 8 

6i{ 

600 

200 




81 j* 

ft *t3 

& H 
ft O 

c n 

S'& 

«?. a 
g-OQ 

ft « 

<* s 

D ^ 
Q- &> 

GO 
SS 


> 

o 
3 


I'Hf 

n 3 

S3 

g 3 : 


3 co 

e £ 

D » <*" 

(a . jo 

3 3 

g O 

§*? 

3 S" 


o 


2 

D- O 

i»- 3 


as gi 
tc Mo 

3 

s 

n 

P D 

$»~ 

3 


Table 
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Table VI. 

The days in a common year; reckoned 

from the beginning of January, and 

\ 

ferving (with the foregoing Tables) 


to find, the days of New and "Full 


Moons in all the other months. 

a 

e 

s» 

£ 

! 

t- 

> 

5? 

O 

Z 

B 

"3 


1 


$ 

lip 

■3 

P 

S 

- n 

~ 

io 

9" 

121 

152 

182 

il 3 

244 

2 74 

3°5 

"J 

336 

2 

it 

92 

122 

'S3 

'83 

214 

I4S 

2 7S 

306 

3 

12 

93 

123 

'54 

18+ 

21c 

246 

276 

3°7 

337 

4 

>3 

94 

1*4 

'5S 

185 

216 

2 47 

27 1 

308 

33* 

5 

'4 

95 

"t 

i(6 

186 

217 

248 

278 

309 

339 

6 

'% 

96 

'57 

'87 

21S 

'49 

279 

310 

340 

7 

>6 

97 

'*7 

158 

188 

219 

3.50 

280 

3^> 

34 1 

8 

7 

98 

nH 

'59 

189 

2 20 

»SI 

281 

3 13 

342 

9 

.8 

99 

«9 

160 

190 

221 

252 

282 

313 

343 

10 

1 9 

100 

1JO 

161 

19' 

222 

*53 

283 

3'4 

344 

ii 

i 

101 

'3' 

162 

192 

2 23 

*54 

*8 4 

3i> 

345 

12 

1 

102 

>!> 

r6 3 

!93 

224 

*55 

28. 

316 

34 6 

'3 

i 2 

103 

'33 

.64 

194 

225 

256 

286 

3»7 

347 

*4 

1 3 

1 04 

"3+ 

.6; 

195 

226 

357 

287 

318 

348 

IS 

i 4 

'°5 

'35 

166 

J96 

227 

3i S 

2S8 

319 

349 

16 

1 5 

106 

,,6 

.67 

197 

228 

2D 9 

289 

320 

35° 

■7 

i '6 

i0 7 

■37 

168 

198 

229 


290 

321 

35' 

18 

1 7 

108 

,58 

.69 

199 

23O 

26l 

19* 

322 

35 2 

'9 

i 8 

109 

'39 

I70 

2 00 

231 

262 

29a 

3^3 

353 

20 

j 9 

*(o 

■4? 

I71 

201 

232 

3631 

i 9i 

3*4 

35+ 

ZI 

; ;o 

M' 

■+• 

172 

102 

*33 

264 

394 

|t| 

355 

22 

; it 

112 

■4 ! 

173 

203 

*34 

*6; 

29; 

320 

350 

*3 

: \z 

113 

'43 

'74 

204 

2 35 

966 

296 

327 

357 

Z4 

■ ! 3 

114 

'44 

'7S 

205 

236 

267 

: 97 

328 

358 

2 5 

■ ; 4 

M5 

'4! 

176 


*37 

268 

298 

329 

r>9 

26 

: ! 5 

116 

■ 46 

177 

207 

238 

269 

299 

33° 

360 

2 7 

s :6 

1 17 

'47 

.78 

208 

239 

270 

300 

J3> 

361 

28 

j 17.118 

■+8 

179 

209 

240 

271 

301 

33= 

362 

29 

IS:u 9 

'49 

180 

210 

241 

272 

302 

333 

303 

30 

: i 9 120 

150 

1S1 

211 

242 

=73 

3°3 

334 

3<H 

3» 

»l 

>»• 


212 

243 


304 


3^5 


Table 


£ *° .3 


Iab. VII.- Firfi Equation from mean 


to true Sy%ygy. . 

1 

v Argument* Sun's mean Anomaly. 

• Sabtra&. .. 

O 

4 
O 

1 

2 

. .3 

4 

.5 

tf 

°3 

Signs. 

Sigji. 

Signs. 

Signs. 

Signs. 

Signs. 

Cf9 


3 




1 



2 








^ if 

in 

• 

o 

H.M. 

H.M. 

H.M. 

H.M. 

# 

H.M. 

• 

H.M. 

CO 

• 

30 

» 



2 3 

3 35 

4 11 

3 40 

2 . 8 


i 

4 

2 7 

3 37 

4 »i 

3 37 

2 4 

29 

1 

2 

9 

,2 11 

3 39 

4 11 

3 35 

2 * 

28 

1 

3 

I 3. 

2 14 

3 4 1 

4 11 

3 33 

1 56 

27 


4 

a 17 

2 18 

3 43 

4 11 

3 30 

1 52 

26 


5 

21 

* 

2 21 

3 45 

4 10 

3 28 

1 48 

25 


6 

16 

2 25 

3 47 

4 10 

3 26 

1 41 

■24 


• 7 

29 

2 28 

3 49 

4 10 

3 23 

I 40 

23 


8 

34 

2 32 

• 3 5* 

4 9 

3 20 

1 36 

22 


9 

.0 3$ 

2 35 

'3 52 

4 9 

3 18 

1 3 2 

21 


10 

43 

2 39 

3 54 

4 8 

3 15 

1 28 

20 


ii 

47 

2 42 

3 5 6 

4 7 

3 I2 

1 2 3 

♦19 

* 

12 

51 

2 45 

3 57 

4 6 

3 9 

1 >9 

18 


13 

55 

2 48 

3 58 

4 6 

3 6 

1 i5 

17 


H 

59 

2 52 

4 ° 

4 5 

3 3 

1 11 

l6 


15 

* 4 

2 55 

4 1 

4 4 

3 

1 6 

r 5 


16 

1 8 

2 58 

4 2 

4 3 

2 57 

1 2 

H 


*7 

1 12 

3 1 

4 3 

4 1 

2 £4 

58 

13 


18 

1 16 

3 4 

4 4 

4 ° 

• 2 51 

53 

12 


*9 

1 20 

3 7 

4 * 

3 58 

2 47 

49 

11 


20 

1 24 

3 10 

4 6 

3 57 

2 44 

44 

10 

• 

21 

1 28 

3 I 2 

4 I 

3 56 

2 41 

40 

9 


22 

1 3 2 

3 15 

4 8 

3 54 

3 37 

36 

8 


23 

1 36 

3 18 

4 » 

3 53 

2 34 

31 

7 


2 4 

1 40 

3 20 

4 9 

3 51 

2 30 

27 

6 


2 5 

1 44 

3 23 

4 9 

3 49 

2 26 

22 

5 


26 

1 48 

3 26 

4 10 

3 48 

2 23 

18 

4- 


27 

1 5 2 

3 28 

4 10 

•3 46 

2 19 | " 13 

3 


28 

1 56 

3 3° 

4 JI 

3 44 

2 15 

8 

2 


29 

1 59 

3 33 

4 " 

3 42 

2 12 

4 

1 


3° 

2 3 

3 35 

4 " 

3 4° 

2 8 





• 

11 

10 

.9 

8 

.7 

6 

/ 


Signs. 

Signs. 

Signs. 

Signs. 

Signs. {Signs. 

0r<3 

* 

1 Add. 

■ 


Table 
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Table VIII. Equation of the Moons 


mean Jtnotnaty. 

.Argument. Sun's, mean Anomaly* - 

... ^ 

Subtract, *—.«.. .^ 

5? 

8 



* 

1 

2 

.3 i .4 

.5 

tf 

Signs. 

Sign. 

Signs, 

Signs. ( Signs. 

Signs. 



1 

n 

CA 

• 

' 

* 

/ 

. > 

' 

' . 


o 

Q *o 

0-47 

1 22 

1 35 

1 23 

48 

30 

I 

O 2 

48 

1 22 

1 35 

I 22 

47 

29 

2 

3 

50 

1 13 

1 35 

1 21 

45 

28 

. 3 

5 

51 

1 24 

1 35 

1 21 

44 

2 l 

4 

6 

52 

1 *! 

1 35 

1 20 

42 

26 

| 

8 

54 

1 26 

1 35 

1 19 

41 

25 

6 

10 

ss 

1 27 

1 34 

1 18 

39 

*4 

7 

11 

56 

1 27 

1 34 

1 17 

38 

n 

8 

13 

58 

1 28 

■ 

1 34 

«i 16 

36 

22 

, 9 

15 

59 

1 28 

1 34 

1 l s 

35 

21 

IO 

16 

1 

1 29 

1 33 

I 14 

33 

20 

ii 

18 

1 2 

1 29 

1 33 

I 13 

O J2 

:*.9 

12 

& <9 

* 3 

1 30 

1 33 

I 12 

O 30 

1* 

13 

b 21 

1 4 

1 30 

1 32 

I IO 

O 28 

*z 

"4 

23 

1 5 

1 31 

1 32 

1 9 

O 27 

16 

I* 

24 

1 6j 1 31 

1 32 

1 8 

O 25 

'5 

i6 

26 

1 7 

1 32 

1 32 

* 7 

O 23 

*4 

J 7 

27 

1 9 

1 3 2 

1 3* 

1 6 

O 22 

U 

. 18 

29 

1 10 

1 33 

1 3i 

1 5 

2Q 

12 

J 9 

30 

1 n 

1 33 

1 30 

1 3 

O 18 

11 

20 

32 

1 12 

1 34 

' 1 30 

1 2 

l 7 

10 

21 

S3 

1 13 

1 34 

r 29 

1 1 

O l S 

9 

22 

& 

1 14 

1 34 

. 1 29 

S9 

? 13 

8 

2 3 

37 

1 l $ 

1 34 

1 28 

58 

O 12 

7. 

** 

$ 

1 16 

* 34 

1 28 

57 

10 

,6 

2:? 

39 

1 17 

1 34 

I 2 ? 

55 

8 

5 

26 

41 

1 18 

v 1 35 

I 2& 

54 

7 

4 

27 

42 

i 19 

1 35 

I 26 

° 53 

5 

3 

28 

44 

1 20 

1 35 

1 2 5 

51. 

3 

2 

2 9 

45 

1 21 

* 35 

! 2 4 

50 

2 

1 

30 

a 

4 7 

1 22 

• 

1 35 

1 23 

48 



a * 
O 

11 

. ,q I 3 

8 

.7 

6 


Signs. 

Sigos. ! Sighs. Signs. 

Signs. 

Signs. 


. 

Add. 

' V " 


C 2 


Ta&le 





:[ A* "3 




Table "IX. Second Equaiim' from 

mean to true Syzygy. 

- •■ *». Argumnf^ Moon** Equated' Anomaly ; •- 

■ . Add. 

01 -*ri 

I \ z \ 

.3 

.4 

f .5 1 



I 1 
I ? 



1 

Sighs. 

Sign* 

■ 

5 U 

Sigjis. 

».TT. 

Signs. 
H.M. 

bigns. 

Signs. 

9 

3° 

H.ly|. 

H.M. 

H. M. 

1 

m * 

■ O O 

8 "47 

"9 V 

! ** 

.4 35 

i 

<5 U 

$<i. 2 

.8 CZ 

9 46 

8„3 

:4<20; 

19 

i 

'■* V 

5 i 1 

8 56 

9 45 

-7 57 

-4 n 

?8 

I 

0'33 

5 4cr 

■9 ° 

9 44 

.7 £4 

4 c9 

*Z 

.4 

Q 44 

5 49 

9 .'I 

9 43 

7 4 6 

;a 1 q 

26 

$ 

55 

1 5 k 

9 -8 

9 42 

7 40 

3 s* 

■*s 

6 

1 :t> 

6 6 

Q 12 

9 4«> 

7 34 

3 43 

24 

- 7' 

■ 'i 17 

6 x 4 

9 16 

9 38 

1 27 

3 34 

23 


i 1 28 

6 23 

9 l 9 

9 I 6 

7 21 

3 25 

2.2 

s 

'* 39 

16 3.1 

9 22 

9 34 

7 H 

3 Jo 

21 

10 

( ' 

•x 5P 

39 

9 2 S 

9 J 2 

7 8 

3 7 

20 

II 

1 

! 2 

6 47 

9 28 

9 30 

•J - 1 

2 S 8 

19 


' >' * J 

6 55 

'9 3 1 

9 27 

6 54 

; 2 49 

18 

u. 

"2 22 

7 2 

9 33 

9 24 

6 47 

a 40 

n 

14 

' 2 33 

7 10 

9 35 

9 21 

6 40 

2 30 

16 

^ 

? 43 

7 x 7 

9 37 

.9 18 

£ 3| 

2. 21 

J 5 

1*6' 

: x «■ 

7 *4 

9 39 

*9 i"4 

6 26 

2 12 

»4 

% 

3 ,4 

7 3) 

9 4:1 

9 U 

6 i s 8 

2 .3 

'3 

18 

1 

3 H 

7 5S 

;9 V 

9 7 

6 11 

1 54 

12 

'9- 

' 3 ?5 

7 45 

• 9' 4-4 

9 3 

6 3 

, * 44 

11 

20 

1 

3 35 

7 5* 

9 45 

8 59 

5 56 

k i' 35 

10 

;2l 

3 46 

7 5& 

9 47 

8 55 

5 43 

t 26 

^ 

J 

3 55 

! 4 

9 47 

£*2 

5 4Q 

1 16 

8 

25 

4 5 

8 10 

9 tf 

8 46 

"S 3 2 

* 7 

7 

*4 

4 ^5 

.8 16 

9 43 

84, 

$ 24 

: £"57 

$ 

' ?5 

4 2 5 

8 21 

948 

8 36 

5 16 

b 48 

5 ■ 

; 26 

4 35 

8 27 

9 4B 

83] 

S: 9 

38 

4 * 

2 Z 

4 45 

8 32 

948 

8 26 

S 

29 

3 

20 

* 54 

8 37 

9 48 

8 20 

4 5* 

19 

2 

29 

5^ 4 

8 42. 

9 47 

8 15 

4 43 

lO 

1 

3? 

*** 

5 13 

n 

8 47 

9 47 

. 8 9 

4 35 

.'7 

c 



10 

.9 

8 

' 6 

OS, 

Signs. 

Signs. 

Shjns. 

Signs. 

Signs. . 

Signs. |# 


Subtract, 
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L : To calculate ik -trii^ibte of Ntito 
or Full Mwttiin any -gherr year and 
month . oj the 18m century* 

Front Table r I. (page t, 2, 3) write 
out the mean time of New Moon ih 
January, Old Stile, for the given year, 
with the mean Anomalies of the 8uh 
and Moon, and the Sun's mean dhtancc 
from the afcending Node of the Moon's 
orbit; If you want the time of Full 
Moon, add the half lunation, with it* 
Anomalies &c. at the foot of Table HI 5 . 
(page 5) to the forefaid numbers, if 
the NeW Moon taken out falls before 
tfci 15th of January; but if it falli 
-after,- fubtrad the half lunation, &d 
: from the faid numbers; and writi 
jdown the refpe&ive fums or remainders^, 
jlf you wint to calculate for the New 
:Stile, in any given year from A. D\ 
11752 to 1 806, take out the Mean 
jNew Moon with its Anomalies, &c. 
from Table II. (page 4, 5) 
'...In thefe additions, or fubtra&ions, 
remember-that 60; minutes make a 
' : ' degree, 


[ '4 ] 

degree, 30 degrees make a fign, and 1 2 
jfrgns make a circle. And that, whenthe 
number of figns you fubtracl: from is 
lefs than the number of ugrts to be fub- 
tracked, add 12 figns to the Jefler num- 
ber ; and then you will have a remain- 
der to let down. A fi?n is marfad 
thus f , a degree thus °, and a .minute 

jhus*. . ** * : , 

, When the required New or. Full 
j^oon is . in any given month after Ja- 
nuary, add as many lunations from Ta,- 
ble III. with, their Anomalies, &c. -to 
the numbers taken ;out'for January, as 
the given month is after January; 
fetting them in order i>elow the * Ja;V 
nuary numbers: and thefe 'added .to- 
gether' will give the Meanrtime of New 
or Full Moon, with the Anomalies^ 
thereto belonging, for the month d^7 
fired. 

With the number of days added to^i 
gether, enter Table VI. (page 9) un- 
der the given month ; and againft thafe 
number you have the day of New or 
Full Moon in the left hand column 

(under 


:E*5] 

(under Days) which you are tofet before 
the hours and .minutes already found. 

But, as will fome times happen, if 
the faid number of days falls fhort of 
any in the column under . the given 
month, add one , lunation and its Ano- 
malies to the forefaid fums; and with 
this new number of days enter Table 
VI. under the given month, where 
you. are fure to find it the fecortd time, 
if the firit falls fliort. 

Then, with the figns and degrees 
of the Sun's mean Anomaly, enter Ta- 
ble VII. (page 10) and therewith take, 
out thej$r)# Equation from mean to tru& 
Syspgyy -making proportions in the 
Table .for the minutes of Anomaly 
above whole degrees, becaufe the Ta- 
bles give the Equations only to whole 
degrees. Subtract this Equation from 
.the mean time of New or Full Moon, 
if the figns are at the head of the Ta- 
ble, in which cafe the degrees are in 
the left hand column and reckoned 
downward;, but if the figns of Ano- 
maly are at ..the. foot of the Table,, in 
:'. x which 


»6] 

winch' caKe *tfie degrees thereof are in 
the right hand column,'* :and reckoned? 
upward, add the Equatid'n to the above 
Found rime of New or Full Moon. : •.•••!■ 
With the figns and degrees of the 
Sun's mean Anomaly enter Table VI f I, 
and therewith take out the 'Equation 
ef the Maoris mean Anomaly \ and ap- 
ply that Equation to the MoonV mean 
Anomaly, fubtrafting it therefrom 
if the figns are at the head of the Table, 
and their degrees at the left hand; but 
adding it to the mean Anomaly of the 
Moon, if the figns of the Sun's Ano- 
maly be at the foot of the Table, and 
their degrees at the right hand; and 
ypu will have the Moon's equated" 
Anomaly j with which, enter Table; 
IX. and take out the Equation anfwer-1 
ing thereto, adding it to the former 
equated time, if the figns are at the* 
head of the Table, but fubtraftiag : i& 
therefrom, if they are at the foot ; and 
the refult will give the true time of thd 
required New or Full Moon, neat? 
enough for any common Almanack. 

The 


■ I it i 

T ' 

The T,abie> pegui the day at Noon* 
and reckon the , hours and minutes 
thence forward to the noon of the 
following iiy. They give the right 
time iri all the months of common 
years, and in all the month's after Fe- 
bruary in Leap years. But in Janu- 
ary and February, in Leap years, a cfa^ 
inuft be added to the time given by 
theTaHesj 4 . 


r«r it* true time of Full Moon in MarcB. 

ijfyfNew Stili. . 


» . 


v-\„ 


Precepts, 


To Jan. 1764 
; addfLun, 
i Lunat ions 


Full f;Mar. 
Firfffcqin 


Second Equ. 


True time 


New 

Moon. . 

-*. ^ 

iD.H.M 


2.7 2J 
14 l8 22 

$9 « ** 

17' 7 ai 
+4' 5° 

f7 >? U' 


.Suit's 
Aoom. 


S ° ' 


Moon's 
Anom. 


* 


6 4 .£ 
1 28 13 


8 1$ 4?8 
Ar. f E<j. 


■■a «i 


o ' 


8 21 57 

6 12,54 
1 21 38" 


4 26 29 
+ 1 33 


4 28' 2 1 
Ar. 2 Eq. 


V 


Stm from 
- Node. 


•. 


S. 


O ' 


9 3 3* 

15 20 

2 1 26 
11 20 11 




ty 


L 


' t ?n 

By thjs fhort procefs, it aDpe£r§^ %iat 
the true time' of -the xequiredf, Ful| 
Moon was the 17th of.Marcft, gt *,j. 
minutes gall 1 20 clock at; nighty A, 
few more examples will, make thpjwbpjej 
matter ' " 





fbt the, true tipie oj jfifew Msm «J Abrik 

1764, New Stile* 


1 • i 
« 1 


> Moon's 
Anom. 


By the 
Precepts. 


Jan. 1764 
■+ 3 Lun - 


_u 


March, 
Firft Equ. 


Sec* Ikpu 


New 
Moon. 


D. H. M. 

y ' ' 


2 7 25 

88 14 12 


31 2.1 37 
+4-U 


Tr. time 


32 I 48 
3 «51 

P3i 22 23 


-Sftift - 
Anom. 


■ >'» "1 *\ 


* a ' >' 


■ * y " y 


6 4 £ 2 
2 27 IQ 


•mmmm- 


9 1 fi 
Ar. *i Ejq. 


S. 


o ' 


8*21 57 

2 17 27 

»i m i n ■— 11 1 ■ . 

11 9 44 

+1 is 


1-1 *o J9 

An i-Eq: 


Sun from 
l^ode. 


s. 


o ' 


L 


9 3 31 

3 * * 


o 5 3.2 


i,i 1 




IMMNMMMimll 


This fhews the, true. timeltQ, be at' 
22 hours, 23 minutes, after the noon 
of the 31ft of March; which is the ift; 
of April at 23 minutes, paft X in the ■ 
morning. 

II. To 
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i 

i 

i * » 

! • • • : i 


II. To mkiMu the true time of Neib 
or Full Mpoft) in ■ any given year and 
mo/nth^ of any century^ between the 
Chrijiian jflSra and the iSth Centu- 
yj>. Old Stile,' 


Table I. find a year in the 18 th 
Century, of the fame number with that 
in the Century prbpofed, and fake out 
the numbers belonging thereto as in 
the' preceding Examples. Then, from 
Table! I v. take out the rtumbers an-? 
fwering to the number of Centuries 
before the 1 8 th, fubtra&ing them from 
thofe of* the i8th, and letting down 
thje remainder. 

' To this remainder join the numbers 
for as.' many Centuries, from Table V. 
fublfacting thofe for the New Moon, 
and Sun's diftance from the Node, from 
the faid remainder, and adding thofe 
for the Moon's Anomaly to it; and the 
reftflr; will give thd mean time of New 
Moon in January, the year of the Cen- 
tury prdpofed: which being found, 

D 2 work 


-* 

work, in all refpe&s, for the true time 
pf Ncmt or, Fuji Moon, in January or 
any other month of that year, as air 
ready fhewn. ' 

,/\f. ft. If the days annexed tQ the. Cen- 
turies taken out from Table IV. 
exceed the number of days from the 
pegihning of January, taken out in 
. the 1 8th Century, add a Lunation 
and its Anomalies &c. from Table 
ill. to thofe taken out from the i&tn 
Century ; and then you can make a 
ifubtraclion. 


/> 


In all calculations for New or Fuji 
Moon, either before or after the 1 8th 
Century, the variation numbers anfwer- 
irig to the Centuries in Table V* mu$ 
be fubtra&ed from the mean time of 
New Moon, and from the Sun's mean 
diftance from the Node; and added 
to the Moon's mean Anomaly, as found 
for the given time, by the preceding 
AabieSt - . * . 

Example 


• -- ■ * .' . : lEiCAMtbft. III-. : x ..: 

JFw the ituz time if* New Mm i# ' Aprils 

V r . J* ' —'}LDl. 237. t., a --• 

From y£ Z>. 1737 fubtra& 15 Cen- 
tauries (v)z_. *5oor years) and there will 
remain 237. ? 


"By the ,| 
' Precepts. .. 

'1 

• 

New 
Moon~ 

Sun's 
. Ajiom.' 

Mooa's | 
Anom. - 

• 

Sun from 1 
Node. 

D. H. M. 

S. ° ' 

S. ° ' 

S. ° ' 

'* Jan. 1717 
. — i£bo Years 

19 14 58 
5 2 3 44 

7 * 58 
11 20 27 

I0 1 4 59 

5 29 2 

1 ■ 

4 20 h 

7 »9 39 

Remains 
Var- 1500 Y. 

13 15 14 
-1 34 

1 
7 I! 3 1 

4 « J7 
+ 1 30 

> 9 V> 3^ 
—0 30 

Jan. A. D. 237 

■ +3 Liin. 

13 13 4° 
88 14 12 

7 " 3i 
2 27 19 

4 8 *7. 
2 17 27 

9O5 

3 * J 

Ajfril. 
FirftEqu.; " 

12 3 52 
+ 3 13 

10 8 50 
Ar. 1 Eq. 

6 25 54 
+ i *3 

026 

Sec. Equ. 

12 7 5 
-~4 10 

1 

6 27 7 
Ar. 2 Eq. 

. » 

L • Tim^ time * 

12 • 2 55 


Hence, the . true time required is 
April i2, at 55 minutes paft II in the 
Afternoon. 


* v 1 « » 


II. ft 


III. To edentate M -frdfr time of New 
; or fitHl:ffim Jhi^vgfoeto ye&\w$~ 

month before- tlfc^Ghrijlian JEra- y 

Old Stile. 

? Find a ^#» la tl?e- j^8>th. Centtfly; 
Old Stile, which being added «>• fte 
given number of yeass-- befor e Chrifl^ 
Jitmmfhed by oney. dial! make a com-' 
pleat number "of CeTpiiie& 
.Finld Cb1| fiymbeT^f Celpffies ft Ta- 

I>teXV. a^dfubt^ft.thetitaiibmfcetefTg- 
__ .... . -» «... . — — . . — • . ... — . .. „ .. , — ..»»«». «w>MWMi>4ir 

ng to them from thofe for January, in, 

the 1 8th Century; and to the r e maind -^ 
tfs join the variations for the like ijiitii-' 
(*? ^f Centuries from' TabJe~V.:"SfTd! 
then proceed, as above taught^ iti ap-» 
plying the Equations to gain the true 
time required. 

• The Moon'ft motion in her Ofhit 
being now quicker than it was ia for- 
mer 3ges, is the reafon for put giving 
the fifth Table, anfwering to her ,#<sv 
celerations. 

Example 


j 




T ■W 


T 

4 * 


>. 


The years 584, added to 171 6, 
fttak*0nii£©0 ' r: j&aw[* cr :39or xbflifjleat 


j . 'v ■ K - J ' » ■ » 


B&the 


f 


■ '^ 


New I Sun'$ 


iiUi» 






-r^'a^SfH 8, 


»-^> 


Var. 2300 Y, 7 t-3 40 

11M <i L< 


j »i* +kk*.*j 


B* Cta. 585 • 

■ My mA 


May' 
Firft Eqiu 


D.«4fe.1<4. ■* 


' ■ VH< 


v oj'jd 


^^__^> 


2 12 38 

w;*7 *>hilrK4i : s 7 *4. »*. 


tf 4* ^. 


* * ,47 .7 - 7- *7>. 


147 1^46 


Sec. Equ. 


Tn time May 


28 o 27 


«^> 


28 o 15 
+ 1 3 1 


28 1 46 



•4**^*#* 


An&tw 


> rSjan from 




i^iH 


■ ■/ill .\i xiilii 


o 2.49 c 2032 o $,53 


5 20 27 


Ar* 2 Eq. 


<-3. « ." 


> ^ 54- 


ft 








So the true time was May 28th> at 
46 minutes paft 1 o'clock in the Af- 
ternoon. 


IV. To 


i 

IV. To calculate ~$& trite time of New 
f •;• or FuUMoon. in L any year and' tmnfh 

after \ the. i&tb* Century, to the:, old 

Stile. 

t ■ .■ r ) ■ , ■, ) , • — - . _ 

Find ja year of the., feme number in 
the 18th Century with that ©f -the 
Century propofed, and take out the 
New Moon and Anomalies for Janu- 
ary, from Table I. for . the faid year in 
the 1 8th ^Century : then from Table 
IV. take out the numbers for the Cen- 
turies after, the i8th, ; adding them to 
thole of the 1 8th; "to which join -the 
CenturiaT Variations, and then proceed 
for the truetime ofNew or Full Moon 
as (hewn m the former Frecepts. 


Example 


/ 


[*s] 


«r. 


Example V* 


■». 


^i^r /A? true time of Full Mom in April* 

Old Stile •, A. D. 1903. 


To A. D. 1703 add 200 yeaf^ and 
the Fum will be A. D. 1903. . 


jo^i 


By <he ' • > ' New 
Precepts^ Moon. 


r Full 3) -Jan. . 
*' +zocr Years 


L> 


4 

+^^ 




- 6< 5 55- 
14 18 22 


#■ ■ >* 


Va 200 Years 


January 
+ 3 Lun, 


April r$o£ 
Firft Eqtr. 


Second Eqju, l* 8 ?« 

* 55 

Tr. ttme,.A£t.|iS i oj 


D- H. M. 


*6 x iB- 38 


11 o 17 
8 16 10 


1 / 


29 16.27 

^-2 


*» 


29 l6 25 

£9 14 12 


^L 


,«*■ 6 37 
+3 18 


un's 


' Anom. 
S ♦ '' 


Moon's 
■ Anont. 


J- 1 ' 

20 


Sun from 
.Node/ 


S «*' 
1 « < ■ 


3- 


7 26 8 
, 6 "* 54 


29 
7 9 4PJ 


7 9 40 

ia 6 59; 

Ar. 1 tq. 


29k 

5 ° 37 


* 1 1 ii »■ 


7 9 39 


7 4 41 
2. 17 27 


9* 27 .8 
+ 1 15 


9 28 23 
Ar. z Eq. 


v ' 


6 i S1 

q i %5 zf 


6« 12 

9 8 48 

4 « $ 
■ — »l 


4 2 4 

i X .1 


7 4$ 


Thus the true time is found. to be 
Ap*U 2$th* at I o'clock in the Af- 
ternoon. 

E In 


In calculating forward fcom A. D. 
1S00, the eafieft way is to keep by the 
014 Stile, and then reduce, it to the 
New, by adding the days' difference 
cf Stiles, which will be 1 2, from A. D. 
1800 to 1900. 

If the Old and New Stiles had ex- 
ifted from the beginning, there would 
have been no difference between them 
in A. ,D. 200. But from that time 
forward there would to the end of the 
world. And, in order to find always 
how many days (from the 200th year 
after Chrift's birth) muft be added ito 
the Old Stile to reduce it to the New, 
in any given Century, obferve the fol- 
lowing rule. 

: Divide the number of the given Cen~ 
tury ; by 4, and (without regarding the 
remainder y when there is any j add 3 to 
the quotient', then fubtracl the fum 
from the number of the Century, and the 

remainder will be the number of days 
fought, , • • • . * * ; ■ ; - •_• 

Thus, for the 1 8th Gentnry : which 

began with A. D. 1701, and will end 

1 - with 


• * 
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With A; D. 1800; the fourth part 
of 18 (omitting fractions) is 4, which 
.added to 3 makes 7, and 7 being iub- 
tradled from 18, leaves 11 remaining, 
for the number of days between the Old 
and New Stile. 

Again, for the 19th Century, which 
will begin with A. D. 1801, and end 
with A. D. 1900, a fourth part of 19 
(without regarding fractions) is 4, which 
being added to 3 makes 7 ; and 7 be- 
ing fubtra&ed from 19, leaves 1 2 re- 
maining for the number of days that 
mud be added to the Old Stile to re- 
duce it to the New, from A. D. 1 800 
to 1 900 ; and fo on. 

When it appears, by fuch as the 
foregoing calculations of New and Full 
Moons, that the Sun's diitance from 
the [Afcending] Node of the Moon's 
Orbit is . lefs than o Signs 1 8 degrees, 
or more than 5 Signs 12 degrees, fo 
as not to exceed 6 Signs 18 degrees j 
or when it is more than 11 Signs 12 
degrees, at the time of New Moon,' the 
Sun will be eclipfed at that time. And 

E 2 when 


[*<3 

when fhe Sun's diftance from tjbe Node 
is kfs than o Signs 12 degrees, of any 
thing between 5 Signs j 8 degrees, and 
6 Signs j 2 degrees ; or more than 1 r 
Signs 1 8 . degrees, at the time of Full 
Moon, the Moon will be ec lip fed 
at that time. On tbefe principles it 
appears that there mail: be Eclipfes at 
the times mentioned in all the prece- 
ding Examples exceept the laft. The 
reafon of this is, jhat the Descending 
Node of. the Moon!s Orbit is directly 
oppofite to the A&endmg; that is, 
they arejuft 6 Signs from each other. 
And when the Sun is within 1$ degrees 
of either of the Nodes at the time of 
New Mooo, the Sun . will be eclipfed 
at that time. And when the Sun is 
within 12 degrees of either of the 
Nodes at the time of Full Moon, the 
Moon will then be eclipfed. 

Becaufe moft people are fatisfied 
with knowing on what days of the 
months the Moon is New and Full, 
without regarding the time of the day, 
I mall here give a Table of all the 

days 


[ 


[- *9 I 
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days of the months on which the mean 
changes of the Moon fall, from A. D. 
1752 to 1800, ia the New Stile. The 
days of Full Moons are then eafily 
found ; for when the Change happens 
before the 1.5 th day of the month, 15 
days added to the day of change, will 
give the day of Full Moon; and when 
the change is after the 15 th day of the 
month, 15 days fubtracted therefrom 
will give the day of Full Moon. 

Within the above limits, the day of 
any month on which the'Moon change 
eth, in any given year, is found under 
that month, and right againfl: the year. 
Thus, fuppofe it was required to find 
on what day of March the change hap- 
pens in A. D. 1767: under March at 
the head' of the Table;' and againfl 1767 
at the left hand is 30; the day of the 
change required. 

Where the figures are double, as £ , 
or \ , againft any year, and under any 
month; they mew that the Moon 
changes on the ift day of that month, 
and alio on the 30th or 31ft thereof. 

A Table 






[ 
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A Table jhemng on what Jays of the 
■ months the mean changes of the Moon 

fall, from A. D. 1752, to A. D. 

1800. New Stile. 

Y«rs. 

¥ 

P" 

S 

i 

s 

¥ 

5? 

> 

1 

8 

2: 



'75* 
"753 

16 

4 

14 

3 

'5 

4 

I 

13 

2 

12 
1 

30 

10 
28 

8 
*7 

8 

26 

6 

6 

»5 

175+ 
1756 

. '75? 
■ 758 

'1 

31 

20 
9 

22 

18 

8 

23 
12 

1 
3° 

9 

1 

3i 
11 

28 

is 
7 

10 

10 
a; 

16 
6 

J 9 

,1 

16 
5 

18 

7 
2 S 

14 

4 

16 
6 

24 

13 

12 
2 

'4 
4 

22 

11 

3 o 

'+ 
3 

21 

1760 
l66l 

«8 
'I 

z6 
16 
4 

28 
16 
6 

'•[ 

26 

! 4 

4 

2 S 
'3 

2 

^4 

2 

23 

11 

30 

ZI 

9 

28 

9 
28 

"9 

7 
27 

■9 

1761 
17*3 
1764 

'4 
3 

23 

2 

2 5 
14 
z 

l 1 

*3 
is 

21 
11 

28 

3 l 
28 

>9 
9 

27 

18 
7 

2 > 

•7 
7 
25 

16 
5 

*3 

23 

"If 

*■ 

18 

9 

21 
11 

J 

'9 

9 

IS 

7 

17 

7 

16 
J 

H 

4 

14 

3 

12 

2 

12 
I 

1767 
1768 
1769 

»9 

'9 
7 

28 

3° 
18 
7 

: { 

28 
16 
5 

26 
'4 
4 

26 
H 
3 

*4 
'3 

23 

li 

3° 

li 

*9 

21 

9 
28 

20 

9 
27 

■77° 
■77' 
■77" 

s6 
IS 
5 

z 5 

26 
16 

4 

1 

24 
»4 

*3 
3° 

22 

12 
30 

11 

10 

'9 
9 

27 

19 
8 
26 

'7 
7 
24 

'I 

24 

■773 
'774 
'775 

"3 

11 

21 

2 3 
12 

, 

10 

2 9 

'9 
9 
28 

'9 

8 
'7 

'7 
7 
*6 

16 

5 
24 

16 

4 

24 

'4 

3 
22 

»4 
3 
22 

1776 

20 

'9 

'9 

! 

'7 

16 

16 

'4 

'3 

» 

", 

IQ 


The 


Qii _ 

TBe Table concluded. ' Nim, 'Still. 


Years. 

1" 

J* 

f 

> 

■2 

^ 

*£ 

> 

■if 


P 

'777 

9 

7 

9 

7 

7 

5 

5 

-3 

- 

1 

1778 

28 

16 

28 

26 

26 

2 4 

2 4 

22 

2[ 

20 

'779 

'7 

16 

'7 

16 

•S 

'4 

'3 

12 

IO 

10 

1780 

6 

4 

J 

4 

3 

a 

J 

30 

*8 

28 

1781 

*4 

23 

"4 

25 

22 

21 

20 

'9 

17 

'I 

1782 

H 

12 

H 



10 

10 

8 

7 

6 

1783 

3 

2 

3 

2 

j 

29 

29 

27 

26 

2 S 

1784 

22 

ZO 

21 

=9 

"9 

18 

'7 

16 

"4 

H 

■78J 

10 

9 

10 

9 

8 

7 

6 

5 

3 

3 

1786 

29 

28 

2i> 

28 

*"7 

»6 

2; 

24 

22 

Zi 

'7»7 

18 

l l 

'9 

'7 

'7 

>S 

»S 

'3 

12 

n 

1788 

8 

6 

7 

5 

5 

4 

3 

2 

3° 

29 

1789 

z6 

24 

26 

*4 

14 

21 

22 

21 

19 

19 

1790 

>S 

'4 

'5 

14 

13 

12 

II 

10 

8 

8 

1791 

s 

3 

5 

3 

3 

1 

30 

29 

27 

27 

'79* 

Z3 

22 

22 

21 

21 

■9 

■9 

'7 

16 

r 5 

'793 

12 

10 

12 

10 

to 

B 

8 

6 

I 

S 

■79+ 

3' 
20 

~~ 

1 

29 

29 

2? 

z 7 

«5 

1+ 

23 

'79! 

•9 

20 

19 

iS 

'7 

16 

■5 

13 

'3 

1796 

9 

8 

8 

7 

7 

5 

5 

3 

2 

1 

3' 

20 

'797 

27 

26 

2 7 

26 

** 

H 

3 3 

>■ 

21 

1798 

"7 

'5 

l l 

"5 

*5 

'3 

13 

II 

TO 

9 

'799 

6 

5 

6 

5 

,4 

3 

2 

30 

*9 

18 

1800 

25 

13 

*5 

23 

22 

21 

20 

'9 

'7 

'7 


This Table begins the day at mid- 
night, which is according to the com- 
mon way of reckoning. 

Look 


* • * 

•Look for the ghren year in the: left 
hand column, and againft it under the 
given month you have the day of mean 
New Moon in that month. 


Of the caufes attd times cf Ec/igfks. 


t 

An Echpfe of the Sun is catifed by 
the Moons opaque body patfing be- 
tween the Sun and thofe parts of the 
earth from which fhe hides the whole 
or part of the Sun: and this can never 
happen but at the time of New Moon. 

An Eclipfe of the Moon is caufed 
by the whole or part of her body 
paffing through the earth's fhadow: 
which can never happen but when the 
Moon is full. 

If the Moon's Orbit lay in the plane 
of the Ecliptic (in which the earth al- 
ways moves, and the Sun appears to 
move) the Sun would be eclipfed at^ 
the time of every New Moon; and the 
Moon would be eclipfed at the time of 
every Full. 

But 
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But one half of the Moon's Orbit 
lies on the North ficle of the Ecliptic, 
and the other half on the South fide 
of it. Therefore, the Moon's Orbit 
interfe&s the Ecliptic only in two op- 
pofite points, which are called the 
Moons Nodes \ and the. angle .which 
the Moon's Orbit makes with the 
Ecliptic is 5 i8'. The interfe&ion 
from which the Moon afcends North- 
ward from the Ecliptic is called the 
Moon's Afcending Node\ and the op- 
pofite ( interferon, from which the 
Moon defcends Southward from the 
Ecliptic is called the Moon's Defending 
Node. Thefe Nodes move backward 
in the Ecliptic 194. degrees every year, 
from the confequent toward . the ante- 
cedent figns, and therefore, they go 
quite round the Ecliptic, in 1 8 years, 
223 days, and 5 hours. 

From the time of. the Sun's being 
in conjunction with either of the Moon's 
Nodes, to the time of his being in con- 
junction with the other, is about 173^ 
days, at a mean rate; within which 

F number 
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humber of days the Eclipfes muft al* 
Ways happen, in different times of the 
yean The days of thefe Conjun&iom are 
Jbewn in the following Table > from A. D. 
1752 to 1800, N, S. 


Mean Conjunctions of the Sun anti Nodes. 


■fa. 


n 1 i 


Years. 


*m^> 


: 


A 


1752 

*753 

*754 

>755 
1756 

«757 

1758 

*759 

1760 
1761 
1762 

*7 6 3 
1764 

176$ 

1766 

1767 

1768 

1769 

1770 
1771 

*773 
1774 

«77| 
1776 


Afc. I 
Node. 


Mon. D. 


5 
18 


Nov. 

oa. 

Sept. 29 

Sept 11 

Aug. 2% 
Aug 

July w 

June 29 


5 

l 7 


id 

31 
12 


June 10 
May £2 
May 4 
Apr. 15 
Mar. 27 
Mar. 8 
Feb. 
Jan. 
Jan. 

bee. 43 
Dec. 5 
Nov* 17 
<3A. 29 

•oa. 10 

Sept. 22 
Sept. 4 
Aug. 
Jury 


Defc. 

Node. 


Mon.D. 


16 
28 


May 

Apr. 

Apr. 

Mar. 

Mar* 

Feb. 

Jan. 

Jan. 

Uec. 

Nov. 

Nov. 

oa. 
oa, 

Sept. 
Aug. 
Aug. 

July 

June 
May 
May 
Apr* 
Apr. 
Mar. 
Feb. 
Feb. 




16 
28 

9 
21 

2 

1 

it 

3* 
11 

24 
61 

*7 
29 

10 

*s 

4 

J 5 
&8 

9 
20 

2 

H 
*3 

4 


Vcars. 


J 777 

1778 

1779 
1780 

1781 

1782 

*7*3 
17S4 

1786 
1787 

1788 
1789 
H790 
179 1 

}793 

*794 

*795 
1796 

1797 
1798 
1799 



Afc. 

Node. 


Mon. ft. 

1 1 1 ■• ■» 


July 10 


July 
June 
May 
Apr. 
Apr. 
Mar. 
M&r* 
Feb. 
an. 


21 

2 

3 

20 
1 


£ 


an. 

)ec. 
Nov. 27 
Nov! 8 
Oft. ** 

oa. 3 

Sept. 14 
Aug. 27, 
Aug. 

uly 

uly 


Defc. 

Node. 


»*i 


Mon. D. 


Jan. 
Dec* 


Dec. 

Nov. 

Nov. 

O&. 

Sept. 28 

Sept. 

Aug 


17 

3* 
11 

*3 

4 
16 


10 Aug^, 
22 July 


June 


101 

22 
1 

*7 


i 


8 

21 

2 


June 
May 
May 
-Apr. 


8 
'9 



e6 Nov. 15 
28 

.2.1 


oa. 
oa. 


Whea 
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When the Moon change* within 18 
days before or after the day of the 
Sun's being in conjunction with either 
of her Nodes, the Sun will be eclipfed: 
and when the Moon is full within 12 
days before or aftej the day of the Sun's 
conjunction with either of the Nodes, 
the Moon, will be eclipfed. At greater 
diftances of the Sun from the Nodes, 
there can be no Eclipfes of thefe Lumi- 
naries. 

As the Table contained on page 30 
and 31 fliews the days on which the 
mean changes of the Moon happen, 
and the Moon is always full on the 15th 
day before or after the change; and 
the Table on page 34 (hews the days 
on which the Sun is in conjunction 
with the Moon's Nodes; we may ea*> 
fily find by thefe Tables on what days 
of any given year from A. D. 1 7 5 2 to 
i8oq, the Sun and Moon N muft be 
eclipfed. As, for example. 

In the year 1766, the Sun is in 
conjunction with the Moon's Afcending 
Node on the 18th of February, and 

F 2 with 


n 6 J 

with the .Defcending Node on the 
ipth 6f Auguft. Now, I find by the 
Table, page 30, and 31, that in the year 
1766, the changes of the Moon are on 
Jan. 11, Feb. 9, March 1 1, April 9, 
May 9, June 7, July 7, Aug. 5, Sept, 
-4, Oct. 3, Nov. 2, Dec. 1 and 315 
and eonfequently, as the change on 
Feb. 9th is within 18 days of Feb. 
18th when the Sun is in conjunction 
with the Afcending Node, the Sun 
muft be eclipfed at the time of that 
change, • And as the change on Auguft 
5 is within 1 8 days of Auguft 1 o, 
when the Sun is in conjunction with 
the Defcending Node of the Moon's 
Orbit, the Sun muft be eclipfed at the 
time of that change alfo. But as all 
the other changes of the Moon in that 
year are more than 18 days from the 
^timeV of- the conjunctions of the Sun 
and Nodes, there can be no more than 
the two abovementioned Eclipfes of 
the Sun in the year 1766. 

By adding 15 days to all the chan- 
ges of the Moon, in the fame year, 

we 
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we find the days of all the Full Moons 
to be Jan. 26, Feb. 24, March 26, 
April 24, May 24, June 22, July '22, 
Auguft 20, Sept. 19, O&. 18, Nov, 
17, and Dec. 16. But of all thefe 
Full Moons, there are only two which 
happen within 12 days of the conjunc- 
tions of the Sun and Nodes ; viz. thofe 
on the 24th of February and 20th of 
Auguft; and therefore, it is only on 
thefe two days of the year 1766, that 
the Moon can be eclipfed. 

And thus we have a very plain and 
eafy method for finding how many 
Eclipfes there muft be of the Sun and 
Moon in any given year, and the days 
On which they muft fall, according to 
the mean times of New and Full 
Moons, from A. D. ITS 2 t0 -d. ' D. 
1800. But to fhew how to calculate 
the true times and places of Eclipfes 
for different parts of the Earth, would 
{well out this volume far beyond the 
intended bulk : and therefore, for fuch 
calculations and proje&ions, I beg leave 
%q refer the curious reader to my lyftem 

of 
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9 

of Aftrortomy, printed for Mr. Miliary 
Bookfeller in the Strand, London j to 
be now had of Mr. Cadell, fucceflbx 
to Mr. Millar, at his fhop oppofite Ca- 
therine ftreet in the Strand* 

7%e following Table flews the Suns 
true place in the Ecliptic, and his decli- 
nation from the Equator y at the noon of 
every day of the fecond year after Leap 
year y on the meridian of Greenwich. The 
figns of the . Ecliptic are marked in 
the Table as follows. 

Aries <p, Taurus y, Gemini n, Cancer 5S, Lea &,» 
Virgo iijj, Libra ;*=, Scorpio n;, Sagittarius $> Capri' 
fortius y?. Aquarius xff, and Pifces X . 

A Table of the Sun's Declination 

is very ufeful for finding the Latitudes 

of places on the Earth. And as the 

method of doing this by the Declination 

of the Sun is generally known, we have 

given the following Table for that pur- 

pofe, to the neareft mean between Leap_ 

year, and the firft, fecond, and third 

year after. 

A take 
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A Table Jbewing < 

ft&* aSWj Place 

and Declination. 

< 

January. 

February. 

■ 

1 

Sun's PL 

S.'s Dec, 

Sun's PI. 1 S.'s Dec. 

S. ° ' 

' 

S. • ' 

*' 

t 

v?*i 5 

S.23 1 

&12 38 

S.'7 3 

4 

12 6 

22 56 

13 39 

16 4$ 

3 

43 8 

2* 50 

14 40 

16 28 

4 

14 9 

a* 44 

ic 41 

16 10 

5 

15 10 

»a yj 

16 41 

*5 5* 

6 

ID 11 

22 30 

17 42 

15 33 

7 

17 12 

' 22 22 

18 43 

*S if 

8 

18 13 

22 14 

19 43 

14 56 

9 

*9 14 

22 6 

20 44 

H 3<& 

to 

20 16 

21 57 

21 4S 

14 17 

to 

£1 17 

21 48 

22 45 

*3 57 

ta 

42 18 

21 38 

23 46 

l 3 37 

l S 

23 19 

21 28 

24 46 

13 17 

*4 

24. 20 

21 17 

25 47 

12 57 

*$ 

2J 2i: 

21 6 

26 47 

I* 37 

t6 

20 22: 

20 S5- 

27 48 

12 1$ 

*7 

te7 24! 

20 43 

28 48 

11 JS 

18 

«8 2£. 

20 , 31 

29 48 

ii- 34 

19 

29 26: 

20 18 

* 49 

11 12 

£0 

£? 27: 

20 $ 

1 49 

10 51 

11 

z erf 

19 52 

2 50 

10 29 

11 

2 29 

*9 39 

3 5° 

10 7 

t$ 

3 3° 

19 24 

4 5o 

9 4S 

H 

4 3* 

19 zi 

5 5i 

9 *3 

*5 

1 3* 

18 5 i 

6 51 

9 * 

26 

6 3J 

18 40 

7 5i 

9 3& 

&7 : 

7 34: 

*8 25 

8 si 

8 16 

^8 

8 35i 

t8 9 

9 5* 

8 58 

2 9 

9 35 

J 7 53 


30' 

to 36 

>7, 37 

1 N. fignifies North Deal. 

3 1 

u 37 

17 20 1 

1 and S. South. Decl. 


To find the Suns Place and Decli- 
nation at the Noon of any given day, 
in the fecond year after Leap year ; - 

Look 


f 


f +° 1 


*The Table 

continued. 

* 

jo 

CA 

March. 

April, 


Sun's PL 

S.*s Dec. t 

Sun's PL 

S.'s Dec. 


I 

S. ° ' 

O, ' 

. S. ° * 

/ 

Xio 52 

S. 7 30 * 

Yii 38 

N. 4. 37 

■ •» 

2 

II gZ 

~7' 7* 

12 37 

5 


3 

12 52 

6 45 

13 36 

5 23 


4 

*3 52 

6 21 

H 35 

5 45 


5 

14 52 

5 58 

»5 34 

6 8 


6 

*5 52 

5 35 

16 33 

6 31 


7 

16 gi 

g 12 

17 3* 

6 53 


8 

i 7 gi 

4 49 

18 30 

7 16 

, 

9 

18 51 

42$ 

19 29 

7 38 

• 

IO 

19 .51 

4 2 

20 28 

8 1 


ii 

20 51 

3 38 

21 27 

8 23 

f 
• 

12 

21 50 

3 15 

22 25 

8 44 


*3 

• 22 £0 

2 5 1 

23 24 9 ;6 


H 

23 50 

• 2 27 1 

24 23 

. 9 28 

< 
* 

*5 

24 49 

2 4 

25 21 

9 49 


16 

2 | 49 

1 40 1 

20 20 

10 11 


x 7 

26 49 

, 1 16 

27 18 

.10 32 


18 

27 48 

53 

• 28 17 

10 53 

* 

«9 

28 48 

29 

29 15 

11 14 

* 

20 

29 47 

XT S 

8 ° 14 

11 34 


21 

To 47 

N. 19 

1 12 

" 55 


22 I 46 

cT 42 

2 11 

12 ig 


23 2 46 

1 6 

!39 

12 3S 


24 

3 45 

1 30 

4 I 

12 gg 


25 

4 44 

1 53 

5 6 

13 15 


26 

5 43 

2 16 

• 6 4 

13 34 


27 

6 43 

2 40 

7 2 

13 54 


28 

7 42 

3 4 

8 

14 12 


29 

8 41 

3 27 

8 g 9 

14 3 1 


30 

" 9 40 

3 5° 

9 57 

14 50. 


3i 

10 391 4 13 

1 



Look for the month at the top of 
the Table, and under it againft the 
given day of the month, you have the 

Sun's 


t 4* 1 


T6e Table continued: 


a 

OB 

I 

May^. 

Jiixi 

1 « 

11 

Sun's PI. 

S's Dec. 

• 

Sun's PL 

S's Dec. 

S. ° ' 

' 

S. ° ' 

' 

• 

tfoi 55 

N.i$ 8 

mo. 44 

N.22 6 

2 

■ 

11 53 

JS * 6 

n 41 

22 14 

3 

12 s 1 

15 43 f 

12 39 

22 21 

4 

«3 48 

16 x 

13 36 

22 28 

| 

H 47 

16 18 

*4 34 

22 3$ 

6 

15 45. 

16 35 

15 3i 

22 42 

7 

16 43 

16 52 

16 28 

22 47 

8 

17 41 *7 * 

17 26 

i * 2 5i| 

9 18 39 

*7 *4 

t8 23 

22 58 

io 19 36 

17 40 

19 20 

23 3 

ti 

20 34 

:*7 5i 

20 18 

23 8 

12 

21 32 

18 11 

21 I£ 

23 12 

13 

22 30 

18 26 

22 12 

23 15 

H 

23 28 

18 40 

23 9 

23 2 8 

* 

!5 

24 25 

18 si 

24 7 

23 21 

16 

25 2J 

19 9 

*2 4 

23 23 

!7 

26 21 

19 22 

26 I 

*3 *S 
23 26 

is 

27 \Q 

i 9 36 

26 58 

19 

28 l6 

»9 49 

27 56 

23 28 

20 

. *9 *4 

io I 

28 .53 

23 2d 

21 

n 11 

20 14. 

29 SO 

33 29 

22 

1 9I *o 26 

* 47 

23 2$ 

?3 

z 7| 20 37 

1 4* 

23 28 

24 

3 4 

20 49 

2 42 

23 27 
23 26 

2* 

4 * 

21 

3 39 

26 

4 5S» 

21 10 

4 36 

*3 24 

27 

1 57 

21 20 

S 33 

23 2i\ 

28 

6 J4 

21 30 

6 31 

23 IS 

29 

7 5 2 

21 46 

7 *8 

23 16] 

3° 

8 .49 21 49 

8 2$ 

23 13 

£i 

- 9 *7I. *« J? • 

»■ ' < 

L_^l 


Sun s Place in the Ecliptic, and his De- 
clination as it is then North or South. 

By means of this Table, and the 
Table of the Semidiurnal Ares of the 

G Sua 




fT? 
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The Table continued, i 

« 

- Julf.- ■-;■ , 

Atlgnft.^ I 

StH>'« PK 

S's Dec; 

SmVPI. 

S's Dec. 1 


-S." -'-- 

• ' 

s. • ■ 

.1 

I 


SB 9 22 

N.23 9 

B 8 58 

N.18 Jj 


- to 19 

'1 5 

9 S5 

■7 48 


-II 16 

23 » 

'.'.">■ S3 

17 3j 
' 17 1Q 


12 14 

22 J5 

11 ■ 50 


13 11 

■M SO 

12 48 

■7 '<( 


14 8 

22 3 8 

•3; 45 

16 44 


'! 5 

, '♦ « 

16 27 r 


16 1 

22 31 

J 5 41 

l6 19 


-16 59 

22 14 

16 )8 

■S S3 


17 56 

22 17 

17 36 

"■' J S 


18 54 

22 SI 

18 J3 

.5 .8 


19 51 

22 I 

•9 3' 

■s 


20 '49 

21 J2 

20 29 

14 4< 


21 46 

" 43 

21 26 

■4 »i 


•« 43 

21 J4 

22 24 

'4 4 


»3 40 

21 24 

' 23 22 

■3 4! 


24 38 

21 I4 

24 20 

■ 3 2q 


*5 35 

21 4 

*s "7 

"'J' I 

i 

20 32 

20 S3 

26 15 

12 47 

■ 

27 29 

20 42 

'7 13 

12 28 
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20 SO 

28 11 

12 8 


29 24 

20 I9 

'29 9 

" 47. 
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20 , 7 

*E 7 

11 27 
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1 5 
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2 16 

19 41 

' " » 3 

' 10 4d 

> 

3 : "3 

19 28 

3 1 
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' 

4 11 

19 15 

3 !9 

10, 4 

i 

I I 

i9 1 

4 S7 

9 43 

) 

6 6 

.8 47 

1 !i 

9 22 

Hi 

7 3 

■t H- 
ir 18 

« S3 
1 7 S> 

..»„K 
8 38 


Sun and Moon,, the times qf rifing and 
,letti(igx)f the Sup,: on any. day of the 
year,, may be found, in. all latitudes 
from 48 degrees tpsqinclufive. The 
Sun's 
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Sun's Declination is alfo ufeftrl for findr 

ing the Latitudes of Places ; for which 

' I nave r given a great variety of kules 

in t my Book of Lectures on Mechanics, 

G 2 Hydro- 




f'44'J 


■m^mmm 


The Table concluded* . « : 


November. " 

i 
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• 
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S^sDecr 

S. ° 

/ 
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ttt 8 

*! 

* 
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Hydroftatics, Pneumatics, and Optic? ; 
printed for Mr. Millar, Bookfeller in 
the Strand. London. 
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/I Tabk of Semi-diurnal Arcs y 

for /hewing the times of fifing 

■and fettmg of the- Sun ana 

Moon, ..._ 

. » 

1 " latitude of the Place* 

M t 

, 

« 

. » 

A * 



i 

. 4 8 ° 

49° 

; 50° = 

Sun ' 

« 

Moon 

• 

Sun 

Moon 

Sun 

Moon 

■ 

beg ? 


It M. 

H.M. 

H.M. 

H.M. 

H.M. 

o 1 

, . 1 

I 

6 8 1 

$ 20 

6 8 

$ 20 

6 '8 

6 29 


2 

6 12 

6 24 

6 12 

6 24 

6 is 

6.24 

5 

3 

f '7 

6 29 

6 17 

$ *9 

6 i8 

6 29 

ft 

4 

6 21 

^ 33 

6 21 

6 33 

6 *2 

6 34 

5 

1625 

6 38 

6 26 

«3& 

6 27 

6 39 

6 

6 30 

6 43 

5 3 5 

* 44 

6 32 

5« 

O 

7 

6 34 

6 48 

636 

* 49 

6 37 

650 

s, 

8 

6 39 

6 53 

6 41 

6*4 

6 42 

6 ^ 

**> 

9 

6 44 

6 57 

6 45 

6 58 

6 47 

7' 1 


IO 

6 48 

"7 ■ i 

6 40 

.7 3 

6 52 

7 7 

s 

ii 

£ S3 

76 

6 *5 

7 9 

6 57 

7 12 

•3 

12 

■ 6 58 

7 12 

7 

7 *4 

7 * 

7 *7 

9 

*3- 

7 3 

7»7 

7 5 

"7 «9 

7 7 

7 *J 

1 Moon 

H 

7 « 

7 22 

7 IO* 

7 24 

7 » 

7 29 

i$ 

713- 

7 a? 

7 ! S 

7 31 

7 I* 

7 33 

16 

.7' 18 

7 3* 

7 21 

7 36 

7 24 

7 39 

-• 

s 

7 23 

7 37 

7 26 

7 4» 

7 29 

7 44 

' * » 

• 7.28 

•7.43 

7'3* 

-746 

7 35" 

7 5° 


19 

7 34 

■•.7; 49 

7 37 

.7 S 2 

7 4i 

7 56- 

1 

20 - 

7 39 

7:54 

7 43 

■7 58 

7 47 

f •*•' 


21 

7. 45 

8 

h 7 49 

8 5 

7 53 

! .9 

' 

22 . 

• 7.50 

8 .*> 

r 7 55 

8 11 

VI 

8 15 

' 

23 

7 50 

8 12 

-8 1 8 17 

8 22 

' 

i 1 7 59 

8 i S 

8 41 8 20 

8. 9 

8«|l 


7b find the time of Sun-rijing and Sun- 
fitting) on any given day of the year y 
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WtfcTaf>fo'-of Semi-diurntd Are* 

continued. 

Latitude of the Place. 


II 

a. 

I 
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•5 S9 
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3 
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4 28 
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5 4? 
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5 4° 
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m< 
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H.5£ 
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Sun 
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4 37'- 
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•5 5 
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4 38 
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4 33 

4' 2 7 
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6. 6 
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5 4 2 
5 36 
5 30 

5 *5 
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5 15 
5 »° 
5 41 
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4 42! 

4 36s 

4 3 9 

4*3! 
4 »7! 

* M 

4 * 
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, fo 4# Latitudes from 48 # 59 i*#" 


Find the Sun's declination for the 
given day, by the preceding Table; 

then, 


-S-Vf- »J 


4 47 ] 


li I n I ■ ' » 


^ 2tf£/* Semidiurnal Arci 
continued. 
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Latitude of the Place. 


S«' 
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Sun 1 


H. KT." H. M: 


6 
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6. 
6 
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18 

32 

33 




«.3» 

tf 43 
6 48 
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4 
10 

15 
11 

?7 
35 
38 
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S» 

57 
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11 

15 


6 
6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
8 

8 

8 


TBIpon 
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6 
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6 


20 
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3° 
34 


6 39 

6 46 
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6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
8 

8 
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1 

7 
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18 

34 
29 

35 
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48 
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1 
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8 27 
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6 
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6 
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6 
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6 
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7 
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7 
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7 
7 

7 

7 
8 
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9 

•9 

*4 

*9 

34 
40 

45 
5° 
56 

1 

7 
12 

18 

*3 

3 6 

42 

49 

■55 
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Moon 


H.M. 


$3 ( 


Sim -+AI00H 


H.M. 


H.M. 



» 

then, in the Table of / Sertri^diurrial 
Arcs, under the Latitude uf the place, 
'and againft the degrees of the Sun's 
Declination at the left hand (as the 
Declination is then North or 'South) 

you 



■^ 
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continued. ' 

!* Latitude of &e Place. 


imm*r 



you have the Sun's Semi-diurnal Arc* 
or time of his fetting, on that dap 
which Arc being doubled, gives the 
whole length of the day! arid; 1?emg 
fubtraded from i2> giv<& the time^t 
Sun rifing* Thus, fupfbfe the Lati- 

Q '•• tude. 
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J 7%e Table of Semi-diurnal \ArcA 

continued. 
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6 
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7 
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7 
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48 
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H.M. 
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6 

7 

7 

7 

7 

7 

7 

7 

7 

7 
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8 


* >• 


H.M. 
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26 

38 
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5« 

57 

2 

.81 
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20 

26 

3* 
37 
45 
5 2 

59 

7 
8 14 

8 21 

8 28 

8 36 

8 44 

849 


6 
6 
6 
6 

6 
6 
6 
6 

7 

7 

7 

7 

7 

7 

7 

7 

7 
8 

-8 

8 

8 

8 

8 


9 
'5 

21 

*7 

3 2 
|8 

44 
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I* 

2 

8 
15 

21 

28 

34 

4 1 
48 

55 
2 

io 

18 

26 

34 
38 
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H.M. 


6 
6 
6 
6 
6 
6 
6 

7 

7 

7 

7 

7 

7 

7 
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7 
8 

8 

8 

8 

8 

8 

8 

8 


21 

«7 
33 
39 
45 

5 o 
58 

.4 
10 

16 

22 
29 

3S 
42 

5 6 

3 

10 

18 
26 

34 
42 

5° 
54 J 


H.M. 


Moon 


H.M. 


6 
6 
6 
6 
6 
6 
6 
6 
6 

7 

7 

7 

7 

7 

7 

7 

7 
8 

8 

8 

8 

8 
8 
8 


10 
16 
22 
48 

46 

II 

18 

*4 
3i 

49 

45 

5 2 
»o 

7 

15 

24 

32 

4 1 
46 


"5 
6 
6 
6 
6 
6 

7 

7 

7 

7 

7 

'7 

7 

7 

.7 
8 

8 

*8 
8 
8 
8 
8 
8 

9 


.2* 
28 

34 

40 

47 

.54 

• 

* 

12 
M? 

25 
; 32 

46 

53 
o 

7 
'5 

*3 

•3i 

40 

48 

S7 


m> 


tude to.be 52 degrees North ; and the 
day to be the 4th of May, when the 
Sun's Declination i! 16 degrees North. 
Then, under 52 at the head of this 
Table, and againft 1 6 degrees of North 

H decli- 


£.s? 3 


Tfo of Table- 'fkmi-drurmrf- Tires 

continued. 

Latitude of the Place. 



declination, I find 7 hours so minutes 
to be the Sun's femi-diurnal arc on 
that day; which riing doubled gives 
1 5 hours for the Vhole length of the 
day. The faid arc fhews that the Sun 

lets 
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\7%e' Table of Semi-diurnal Arcs 

continued. 


lol 

■ ♦ 
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• 

Deg. 
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Sun 
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H.M. 

H.M. 

H.M. 

H.M. 

H.M. 

H.M. 

2! 
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1 




r- 

1 

6 10 

6 22 

6 io 

6 22 

6 11 

6 23 


2 

6 16 

6 28 

6 17 

6 39 

6 17 

6 30 


3 

6 22 

6 34 

6 *3 

6 ft 

6 24 

637 

ro 
O . 

*—• 

4 

6 a 9 

6 41 

6 30 

•6 42 

6 31 

6 44 

9 

5 

6 35 

6 48 

6 36 

6 49 

6 38 

6 $i 



H « 41" 

* 55 

6 43 

6 $6 

6 44 

6 5« 



7 

648 

7 * 

6 49 

7 3 

6 51 

7 5 

«.- 

8 

6 54 

7 8 

6 $6 

7 ? 

6 58 

7 .12 


9 

7 « 

7 *5 

7 3 

7 »6 

7' 5 

7 *9 


10 

7 7 

7 2! 

7 io 

7 *4 

7 *3 

7j*7 

g 

11 

7 *4 

7 *8 

7 *7 

7 3i 

7 20 

7 34 

t3 

it 

7 Zl 

735 

7 24 

7 39 

7 *7 

7 4 2 

P- 

'J 

7 18 

7 42 

7 3i 

7 46 

7 35 

7 50 

2 

H 

7 35 

7 5o 

7 39 

7 54 

7 43 

Z 5 * 

i 

'J 

7 42 

7 57 

7 46 

* 8 2 

7 5 1 

8 6 

• 

16 

7 49 

8 4 

7 54 

3 10 

7 59 

8 {15 

4 

! Z 

7 57 

8 12 

8 2 

8 18 

8 fr 

8 23 


id 

8 5 

. 8 21 

8 10 

, S 26 

8 16 

8 3* 

, 

19 

8 13 

8 29 

8 19 

8 35 

8 2tf 

8^2 


20 

9 ai 

- 8 38 

8 28 

8 45 

8 * 

852 


21 

8 30 

8 47 

* 37 

8 5j5 

845 

9 * 

, 

22. 

8 i9 

i 8 56 

• 8 47 

8 5 

8 A 

9 *3 


% \ 

8 49 

J 9 ^ 

8 57 

9 r 5 

9 6 

9 2 4 


f H 541 

9 11 

1 9 2 

9 20 

f 9 n 9 29 1 


fets at 30 minutes after 7 j and being 
fubtra&ed . from 11, leaves 4 hours 
30 minutes, which fhews that the Sun 
rifes at 36 minutes after 4 o'clock. In 

Hi this 


V 5* 1 ! 


■• 


M—m*^ 


■Mk 


•MUMMCa 


■Mha 


CO 

o 

S3 

er 

t9 
r* 

o 
S3 

© 


ft 

"C 

6 


o 
o 


concluded. 


8 


Deg. 
i 

2 

3 

4 

f5 
. 6 

7 

:8 

19 
lo 

ii 

12 

13 

1+ 

16 

17 
1.8 

*9 

JO 
21 
22 

23 
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Latitude of the Place. ' 


■»*■■ 


-i 


57' 


£un I Moon 


5* 


H.M. 


SB 
52 
45 
39 
33 
2 7 

20 

14 
8 

I 

54 
448 

4 4i 


S 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 


H.M. 


6 

5 
S 
5 
5 


10 


4 
4 
4 


34 
27 

to 


3 
56 

5Q 

44 
37 
5 3Q 

5 2 4 

18 

11 

4 


Sun J Moon 


H.M. 


5 
5 
5 


H.M. 


•59°. 


.Sun 


4.57 


4 I2 

4 5 


3 
3 
3 
3 
3 
3 


56 

49 
40 

3i 
23 

18 


I 


4 

4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 


50 

36 
29 
21 

13 

4 

56 

48 

39 
29 

24 


5 58 

5 5 1 

5 +1 
5 38 

\5'» 

5 ?5 

■ 5 '9 

-S » 2 

S 5 

4 59 

4 5? 

4 45 
4 38 

4 3P 

4 23 

4 >5 
4 8 

4 

3 5 1 

3 43 

3 34 

3 24 

3 >5 

3 10 


6 
6 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 


H.M. 


10 
3 

57 

50 

43 
36 

29 

22 

14 
9 
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47 
39 
3i 

23 

16 

8 

S9\ 

S l 

43 

33 

*? 

17 


5 
5 
5 
5- 
5 
5 
5 
5 
5 
4 
4 
.4 
4 
4 
4 


57 
5i 

44 


Moon 


H.M; 


37 
3i 
24 

J 7 

10 

1 

3 
56 

49 
4* 

34 

»9 

* » 

4 3 


2 9 

6 2 

5 55 
5 48 


5 
5 
5 
5 
5 
5 
4 
4 


4? 
35 
2? 

26 
13 

6 

59 

5* 


3 
3 
3 
3 
3 
3 
3 


54 

45 
36 

27 

17 
6 

1 


4 44 
4 37 


4 

4 


3 d 
20 


4 11 
4 * 


3 
3 
3 
3 

s 


54 

44 

34 

23 
12 

7 


this Table, the effect of the refractions 
is taken into the account. . 
t And, in any intermediate part of a 
degree of latitude and declination, it 
is eafy to make proportions in the Ta^ 

• - We, 


I 


r 


ble, for th# fifing and fet- ' 
ting of the'Sen* ■'-.• •■>- 


%■ 


j <M ' |j 




*?o find the time of the Moons 
rifing and Jetting on any 
given day of the year. 

This is a more operofe 
problem than the former one 
for finding the rifing and 
fetting of the Sun. For here 
we mqft find the Moon's 
age, declination, and time 
of coming to the Meridian, 
on the given day. 

The number of days elap- 
fed betwedn the laft change 
and the given day, in any 
current, Lunation, are •- the 
days of the. Moon's age in 
that Lunation. To find the 
Moon's age qa any day of 
the month in a given year, 
look for the d&y of the mean 
change , \ in that year and 
r < : ~ : month* 


The Moon't 
diftance gone 
from the Sun 
on all the dif- 
ferent days ?f 
;her age, froii 
Change to 
Change. 


sur- 




a 

CO 


a <2. 

ft **« 

org » 


I 

2 

3 
4 

I 

7 

a 

9 

o 

i 

[2 

3 
[ 4 

I 

7 
8 

[ 9 

20 
21 

22 

25 
26 

2 7. 
28 1 

29 

1 

z 


O 

o 
I 
I 

2 
2 
2 

3 
3 

4 
4 
4 

I 

6 
6 

7 

7 
8 

8 

8 

9 

9 

10 

io 
xo 
II 
II 
o 


12 II 

24 23 

6 34 
18 46 

57 

»3 9 

25 20 

7,3^. 
*9 43 

1 *t 
14 6 

26 17 
8 29 

20 40 

*S 3 

27 u 

9 *i 

« 37 

,<J49 
|6 o 

28 12 
10 23 

4 47 
1658 

11 20 

23 3* 
o o 
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month, in ^je Table, p*ge $o Apd 515 
and then you have the; days -of ; $10 
JMocwa's age by counting the number 
jof. days frofe* the preceding change to' 
,t(e given day. Thus, fuppofe I would 
'know the Moon's age 00 the 30th of 
May, in the year 1766; I. look down- 
ward from May at ther top of' the 
Table, till I come right again ft 1766 
in the left hand column, and againft 
that year, under May, I find that the 
change was on the 9th of May; andhas 1 
there are 11 between 9 and 20 (taking 
.in the 20) it appears that the 20th of 
May was. the nth day of the^ MoOnfe • 
iage, in the year 1766. ■[■> 

Now* we are to find the time of 'the 
Moon's Southing (or coming to . the ! 
Meridian) on the nth day of iierage* ' 
and the common rule for this is, to 
multiply the Moons age; by 4, anddi^' 
vide the produ& by 5 $» the quotient'' 1 
• will be the hours (reckoned forward' 
from noon) and the remainder, when 
; there is any, multiplied by 1 2, will be 
I the. minutes of the time when the Moon 

is 


r 


I 55 - ] 

rt^n the Meridian. Ttws, for tH« 
1 1 th day of the Moon's age, 4 times 
i f w 44, which divided- by 5 quotes 
8-* hours, and the remaining 4 being 
rftultiplied b)r 1 2 gives 48 minute* 
8a- that, on.fhr'irth day of the Moon ? s 
age,- the Moon =come& to the Meridian 
at" 48 minutes . paft VIII in i!he 
evening. * 

• : Weuiuft now find the Moon's place 
in the Ecliptic on the abovementioned 
20th of May, when Ate is 11 days 
oW. ' • • i 

* By the Table, page 5 3, I find that 
on the nth day of the Moon's age, 
{he is 4 figns 14 deg. 6 min. gone 
from the Sun. And by the Table on 
page 41, I find- the Sun's place in the 
Ecliptic^ ,ob\ th© 20th of May, to be 
a 29.9 14'; -or in 29 degrees 14 
minutes of Taurus, to which add the 
Moon's diftahce; from the Sun, 4 figns, 
14 degrees* 6 minutes, and the 
reckoning carries it to <* 13 20', or 
13 deg. 20 min. of Libra; which is 
the Moon's place in the Ecliptic oh 

the 


r 


[J6] 

the 2 oth of ; May, acodtdiog . •. t(> Jwp 
meah motion-.- - < > - 

-Having thus found the t Moon's place 
m die Eclipcacj we muft -next find .hear 
declination, which is the- fartie as f the 
Sun's, when m that place of the Eclipr* 
tic, namely 5 deg. 10- min. South* 
when in the 13 degree of Libra (fee 
the Table page 43) ; fo the Moon's 
Declination, on the 2 oth. of May, when 
&e is 11 days old, is 5? to' South/ , .; 

Now, to , find her Semi-diurnal Arc 
on that day, fuppofe. in the Latitude 
of 5 2 degrees, I look in the Table of 
Semi-diurnal Arcs (page 48) agaiaft 
5- degrees of South Declination and 
under 52 ° of Latitude; where,: ;ia. the 
Moon's column, I find her Semi- diurr 
nal* Arc to be 5 hours 49 minutes. 

Laftly, to the above-found time, of 
the Moon's coming to the Meridian, 
8 hours 48 minutes paft Noon, add 
her Semi- diurnal Arc, 5 hours, 49 
minutes, and the fum will, be the time 
of the Moon's fetting ; ; namely, at J4 
hours 37 minutes- paft the Noon of 

the 


J 


t&0. 2<$th ;; ofirfcfay ; w&th is . the 2-i/ft 
of M a y at 37 minutes. afttfr ,.tf o'clock 
in>i the morriiog. And her Seaii- diur- 
nal Arc, 5, hours 49 minutes, being 
fybttafled from 8 h. 48 minutes, the 
time : of her Southing, gives 2 hours 
5*j min. paft Noon for the ,time pf 
her rifing. 

• When the Moon's Semi-diurnal Arc 
is greater than the time of her coming 
to the Meridian, add 12 hours to that 
time, and then make the fubtra&ion, 
and the remainder will give the time 
6f :t!b€ Mood's rifing ; which will be m 
the cnormng. 

bnlnthds, proefcfs, which may be gone 
through in two minutes, we have coa«- 
fideted the .Moon as moving always 
in the Ecliptic. .. But {he is fornetimes 
^5> degrees • on the North fide of it, and 
gtwbther times as far on the, South, 
Which :• wW &fle& the time of . her 
fifing 1 'and fetting abdtit half ao hqur, 
tmxthz parallel of London; more as 
-the 'Latitude is farther North, and lefs 

io )";•'• *•• " • .1 • as 
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as it is farther South : ■ but this diftereritfc 
can happen only twice in a lunation. 

A Table Jhewing how much time is con- 
tained in a?ty given number of mean 
£junaiio?2S. The Lunation being 2 9 
days, 1 2 hours, 44 minutes^ ^Jeconds^ 

2'"* 5$ lv > or 29-53°59 o8 5 108 <%* 


3 

4 

1 

7 

8 


Days. Decimals 
df a day; 


i m 

29^3059685108 

JO.oSi l8l702l6 

88.59177255324 

118.12236340432 

147.6529542^540 

I77. 183545 IO648 

206.7 I4I 35957|6 
236.24472680864 

*6$-77 53 1 76S972 


Although the Tabic 
feems to go no further 
than nine mean Lu- 
nations, yet it will do 

for any number frooi 

1 Lunation to 900000000000, by 
removing the decimal point, one place 
forward for tens of Lunations; two 
places forward for hundreds of Luna- 
tions, 3 places for thoufands, four pla- 
ces for tens of thoufands ; and fb on* 
as in the following Examples. For, 
if we wanted to know how much time 
is contained in 10 Lunations, then 

- fuppofe 


» ■ » * 


tsil 

-"feppofe a\cypher put to. i in the firft 
coktnm*: to. make it ib, and the de- 
cimal point in the flrft line to 
be put one place forward, it will be 
295.3059085108, for the number of 
days and decimal parts of a day in 
10 Lunations. The decimal parts may 
be reduced to the known parts of 
an integral day, by the common 
method of reducing decimals. 

Example I. 

* *■ . f 

In 10 Lunations y Qu. How much titnef 

Lun. I Days. Decimals of a day, 
jo J 395. 30c 9085 10$ 
I mult* by 24^ 

.. - 1*23634043* ^ 

6l|8l70^l6 

Hon. 7.5418041592 

malt, by ^p?* 


WMN^p 


Itfifr $0.5082*75520 
m\xk<bj 6o u 


■•»••■ 


, Sec. 30*4954531200 


*"" TIw 29.4271872000 
jtywr 295 7 20 jo 29^ 

I 2 EXAMPLK 


\ - 


■i[,«p] 

Ex'am'Jle Hi 


y ** 


- /# ,74213, mmn,\Lunatiam\ iQu. jEfap 

• r *fftf#y day s y four S) minutes^ &cf 


* * 


:/ 


K 


Lun. 
70600 


Days, Decimals of a dayi . ^ 
2o6 7 i4i.3^ 9 r 7 V6 '' 


^gob 118122.3624^432 • , 


200 

. 19 
- 2 


74212 

Ltm. . 


5906.113170216 # f 

59^6118170216 , 


' *, 


- f 




5191524.10824034896 •.; a i • . . 

Bajri, • mult, by 44" - I' -■ ft- J» - -• - • : 


£ 


83*96139584 S*K 

,4164806.979^ "«1 


., . - Hbun 4-99Z7 68 375°4 J§ 

%2-V. 6o*V :.4^" 


* *•> 


8. 


§» 


Mill. 59.86610250240 

kmlt.by ^6©v '- 1 • 5e^ 


■4»«anag 


Sec; J 1.9661)0^00 1 fcj 
niuli. by- *6o th * ^ 

thirds' jf. ^06^64000 
/$/W 6000' *4> 4 jf9 $#-^7. 969. 
EX^MJH^ HI, 

In 100000006606 > mean Lunations y 

Qu. H&$i(iu$ fme. 


Lun. I' ';• 't)airs. 

t 00000000000 


w Days. 




si la 
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In Example III, the number of 
cyphers annexed to i are equal to the 
number of decimal parts in the firft line 
of the Tabid i and therefore the whole 
of that line becomes a whole numr 
ber of integral days, without any 
fraction. So that, in ioOjOOO^ooOjOOd) 
mean Lunations, there are juft 
2953059085108 days. : 

It is fotnewhat remarkable, that 
every "49th mean "New Moon falls but 
1 coin. 30 fee* .-.§4. thirds, fhort of the 
feme time of the day as before. 
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XAMPLE rv\ 


JaVLXi. 

9 


Days. Decimals of a day . 
1181.2236340432^ 

2 6 S*7753i7 6 597* 


1446. 
Days. 



170292 
t. by 24^- 


c«> 


.0 


399580681 168 
i 9979°3405 iB 4 


J 


Hou. 23.97484087008 
nfult, by io** 

|lk. #449945^0480 

. mult, by 6o - * 


8 S. 

St; , 

"V. 


a o 

o 


-uU 


Sec. 29^.4271*228800 

lit. by 6o Ai 


muj 


*fhix&. 25.6*79372800 


y47aM 


162) 





A Table fhewing hsw manyyjneanJLai- 
nations are contained in any gip&t 
quantity, of t^ne* 

r 


5 s 

tx 


3 
4 


Decimals of 
a Lunation. 


■ ' ^ 


12. 
24. 

37- 
49. 

61. 

74- 
86. 


7 

8 98. 

9jiu. 




368530038627 
737060677255 
1055901 15882 
4741 261545 10 
842650 1 93 1 37 
211180231765 
579710270392 
948240309020 
316770347647 
f : * 


Decimals of 
a Lunation, 


18 00. 

21 OQ. 


3 
4 


7 

8 


00. 
00. 


00. 

00. 
00. 

00. 


033863189760 
067726379520 
101589659280 

I 3545 2 759°4° l 
169315948800 

203 179 138560 

237042328320 

270905518680 

304768707840 


© 


I 

2 

3 
4 

6 

7 
8 


s 

8 


I 

2 

3 

4 

6 

7 
8 


t 4 Decimals of 
? a Ln nation. 


Q. 00 14 1 O966 2 

o. 0028219345 

0.^042328987 
O.OO56438649 
O.OO20548312 
O.Q084657974 

o. 0698767637 
o. 01 12877299 

O.OI26986962 


£* Decimals of 
P a Lunation. 


0.00002351 6 1 
o. 0000470322 
o. 0000705483 
a. 0000940644 

o. oooj tj^°i 
0.006 14 10966 
0.000 1 646 1 27 
0. 0001881288 

O.QOQ2 II6449 




I 

2 

3 

4 

S 
6 

7 
8 


{?T>etimal$of 
=> a Lunation. 


fir 


O.OOQOOq39ia 

0. 0000007838 

0.000001 1758 

o. 0000015677 
p. 0000019597 

0.0006023516 
o. 0000027455 
0.0000031355 
o. 0000035274 

— ~~^ 

t? Decimals of 
» aLttaa£ori. 


2\0 

3 
4 

1 

7 

8 


1 ' " " i Ji 

o. 0000000065 

.OOOOOOOI3I 

o. 0000090196 
0.0900000262 
o. : o6oooooj27 
o. 0000000392 
o. 0000000457 
o. 0600000522 
0.6000000587 


For tens of Julian years, days, hours, 
&c. remove the decimal points one 
place forward ; for hundreds, two pla- 
ces; for thoufands, three places; for 
tens of thoufands, four places ; and fo 
on, as in the following Example. It 
appears by the fifft liiie of the above 

Table, 






Tafelei *hat. tn 1 06000 Jujian years 
(which contain 36525000 days) there 
are 1236853 mean Lunations, and 
.0038627* or -fe-r parts of a Lima- 

*J i » lOOOOOOO A 

tion, which fmall fra&ion may be ne~ 
gle&ecL 

[In common workings * tis fufficient t6 
take in only four or Jive of the decimal 
figures.'] 

1 Example. V. 

In 6000 "Julian year s> 24. days, 4 hours, 
59 minutes, §2 feconds, Qu. Ho& 
many mean Lunations f 


Yeai*6oo0 
Day, { 2 J 
Hours 4 

Mim (5° 
1.9 


Lnn. Decimals. 

74211.180231765 \ 

0.677263795 

0.005643864 More Examples would j be r 
O.001175S05 fuperfluoub. 

0.0002116^5 \ 

0.000019597 t 

0.000000784 


Jfqfartr, I 74212.000600014. 

To explain the Phenomena of the Har- 
h)eJl r Moon, by means of a common 
globe. ' % . " 

Make chaik-inarks all. round the 

gjobe on the Ecliptic, at 124 degrees 

. . : from 


from each other (beginning it- Capri- 
corn) which is equal, to 'the Moon's 
mean motion from the Son from day 
to day, near enough for your purpofe 
Then elevate the North pole of the 
globe to the latitude of any place in 
Europe; fuppofe London, of which 
the latitude is 514. degrees North. 

This done, turn the ball of the globe 
round weftward, in the frame thereof; 
and you will fee that different parts of x 
the Ecliptic make very different angles 
with the horizon, as thefe parts rife in 
the Eaft: and therefore, that in equal 
times, unequal portions of the Ecliptic 
will rife. About Pifces and Aries fe- 
ven of the marks will rife in about 
two hours and an half, rneafured by 
the motion of the index on the ho- 
rary circle; but about the oppofite 
figns, Leo and Virgo, the index wifl 
;o over eight hours in the time 
that 7 marks will rife. The inter- 
mediate figns will, more or lefs, partake 
of thefe differences, as they are more 
or lefs remote from them. 

Hence 


M©ok &&£?£& kfid : Affesi foe dirfo 

ence of her rifing will be no more ;th3ft 

' ^G&TiCiiirfr arid j*r half in fete'n da?s -jf -but 

ft** \$r£o *8d .' Lifera fe'^11 be' eight 

^duftcin tfera&icteys : f and*tlH&4ia£pen* -fe 

T^&Coon- & always/ofljorite te^tfee 

&tfa2^HeW pi« fe full ; and; the Sun is 

di^NriUn Virga a^ Li rite-' but in -otir 

: Harv£ft>moh!hs, ,arid therefore -the 

Moon is never- full in. PiTdbfe and AK* 

? &ifelnthe4 rftfcnfcrk > f And confecjuent- 

Jyj j J t*lftn ' : tli^M«oa is about - her *rM 

-i#4feiVett,- fte%1fes wfth'fefst'dirTer&ibe 

ttNitlfei for # w^ek,' i?haiP when : ft&?1s 

-ftlll %n atiy 'eehe£ mbnth ; 'of^he \year>.^ * 

Here we confider.the Moori as : rrio^- 

ving always- in- the- EclfcJtlo'." But as 

>uk Wives ih aii orbit which 1 is inclined 

jftf'the Ecliptici • her rUihg Vheri abbut 

•th#-full ! ;in Harveft will fornetimes -rib*t 

differ above : an hotif ' arid^ £o FriintitSs 

•through the whole of 7 tfavs; .BfkL 

'4*' , other . - tipxdsj 1 ic will differ fthr(e* nburs 

arid to half, iW at wee$y -afecording^to 

'.'> , K the 


k •>•* •*! 


V, 




cot years, , ., • V 4 

In our Winter, theW&ri tf irPifSs? 
and Aries, about the time of her £r 
quarter ; and riles about - noon,; bu f n 
riling is not then taken notice of, J?e- 
caufe tl^e Sun is above the Horizon." : 

In Spring, the Moon is in Pifces and 
Aries, about the time of her change; 
and then, as fhe gives no light* h^r 
rifmg cannot be perceived, i , 

Jn Summer, the Moon is in Pr£es 
and Aries about her third . quarter; 
and then, ; - as {he rifes not till- about 
piidrrightj her ri#ng paries utoWerveli 1 ^ 
efpeqially as' flip is fe much pn A t|^ 
.deqreafe; :; " v '- : - * : ' ■ '' v ". 'V <■■ •', -°^ 

Put in Harveft, Pifces ind Aries- 1 ^ 
oppq&e to the Sun J and $ hejefore ^he 
Me^pis'^11 in them at riaf %xx^ t and 
rt^s* nearly after Sun^ftt^or feveral 



together ; wJ^ch^&afcei ^her 
rifing very cohfpcupu¥ v W that, time 
ofthe.yea^.as it is fq b^ficja] tp A the 
farmers, in [*Wor$»g ; t&m aji |mms- 

diate 




! 


I'Vi 


Tun, when they are jea^ing* 



thfofruitf of the^arth 


»rf r • ""X '"*• 


yukt fpr "folvihg Agronomical Problems 
* 'We Logarithmic Tables of Sim and 



m ■ \ 


• . ... 

br-t ■; . ' \ • ' • 

\. The Sun s Longitude, or difiance from 

\ the -neareft EquinoSiial point (viz. the 

beginning of Aries or Libra} being 

tyJtjRini td find bis Declination, '--i 

Jj.^ Ita$u$ i£ to the Sine of th$ £i{qV 
#(&¥$ few the Efjuino&iai pojflfe 

tion (23° 29/) to the Sine of hi$<k#& 

**y 

-o^mSSa^.;fo^y ■■:**. ^onf ■-' 



% » 


1 

* : AS tfte^Snie; bf thfe>n*s greaiefl: 
^n^tioa hitothcSine of hisprefcnc 
s ^ :i > K2 decli- 


<. 


[68 1 


dfdiqatiob, h is. BLadlusito ius;dl{laaci6 
gone from, /or m goiipg, toward,, ttie> 
Equino&ial point rdquiaedi.' ; . .:.?o:l ii'j 

*■-.• ••*-. v . ;-.- N •. •.. .\-:-. ,.\^ 

3» 7&? .. £W* difiam :'frtm , ^ej^ea^eji 
EquinoSttal point being. gw^Mxjind 
his right Afcenfion. 


*\ 




As Radius is tp the. Confine of the 
Sua- s greateft &cliaatfcn, fo is the- Tan- 
gent of his.diftance.frdpi' Aries or Li- 
bra, to his right afcenfion therefrom. 


.< 


* * • 


4. 7& Latitude tf tit pace, and the 


Afcthe Co-tangent of tK4 latitude* 
is to the TahgeHt of the Suk's decfinadon , 
fo is A^to-to\Ai^V-^aan^ 
fional difference' required v : - Vj ' v> * xv " 


» * 




5 : . .The Latitude, ' of $h&. place.\ and tht 
Sutrs /skdinatim bejng givey, to find 
his .Amplitude, &*.{&- number of de- 
grees he rifes and Jets from tie ^afl 
and Well, 




- As the- Go-fine <£ the latitude is 
to the Sine of iUb Son's dediaation, 
fo is the Sine of his diftance fioiuArifil 
or Libra to the Sine of his Amplitude. 

• * 

• •' -As* I 

6> . The k ,$i{nls rigfe Afcenfiwt and Bis 

greate/i Declination being gipw % to 

i jfodj tfc . tfrtgk ; s£ ■ the, . £<%& , <W 



nr«f 


% •• • 


■» . . . • «... 

As Radius is to tfce Sine of the . Sun's 
greater!; declinatjon,, f$ is . the -Co-fine 
of . bis :rjgfrt afcenjon, totlke.Corfine 
0ftfteangle\fpujfo, t ... ;'; • / 


» » r\ 




•j * I •»» • . ■%> f — « »• 

. 1 J* * * 4 , > 




4 


j . » T *- 


7. 7& 


•1 > • 4 «.'».» 


£ L:_ 


v * • ■ 


- I * 

■ ♦ m 


r- 

* I 


1 7V J 



.« J 7& 3Wr Altitude when be is due 


V . ■ ■ « 


As die Sine of the latitude is to the 
Sine of the Sun's declination, & is 
Radius to the Sine of his altitude when 
<foe Eaft or Weft. 


i\T, 2?. By this problem, a true meridian 
Jjpe may be drawn in Summer, 
the Sun rifes before he comes 



5 tq the Eaft, and. pafles by theJVeft 
5 |>efore he fets. For, if a > long up- 

' rJg&t. Vire be fet in a trulv- level 

" t)6ard, the fhadbw of'the^ wire will 

run Weftward on the 'boird when 

r t^e Sun. is due Eaft, and. Eaft ward 

„j;i*hen the Sun is due Weft; which 
., .will be at the inftarit when his al- 

titude, obferved by a quadrant, agrees 
, with what the problem makes it. 
, And then^ if two points 1 are marked 

in the line* of the ftiadow, ana a 

ftraight 


I - . • i 

ftraight line be drawn through them 

crojfled at . right angles, in any point, 
by another ftraight line, .that Jjne, 
will be a true meridian Une; and if 
the wire be placed perpendicularly 
in the interjection of thefe two lines, 
the . flwdow of the wire will coyer 
the meridian line when the Sun ^ 
on the meridian of the place. . This 
may be done beft of all about the 
Summer folftice, becaufe the r Sun 
. changes his altitude fafteft, and '.his 
.^declination flowed, about that time. 




$m Tie latitude of the flace and the 
[yJSuns declination being ghen y to find 
the Sunt altitude at fix o clock in the 
■? Morning.fr. Evening* . 

Z. As Radius Is to the Sine of the Sun's 
declination,, fo is the Sine of the. lati- 
tude" to the .Sine of the Sun's altitude 
afHxq 



; *8y .this "problem, you may know 
when it is k exacuy fix o clock 


*» *Ji.*±» •VjiJiii^ v 
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Sun-<iiil true it iJtha^inrlantyi provided 
it be; done in ^/Summer tiifatey when 
theiSaft-is, abovc'tJieJ. horiKon -at fix. 
Fdr^'- i£ jyvab ikeep^watchirig^iaDd -ob- 
*terv{rigfhthe;Sttri'i: ahatjudd withr a>tpua- 
dpant,- t^hen-you jodge the time to 
t>e a» llttfc before: 'fix^ tity ^ifiodhis 
altitude agrees with $hat therproblem 
makes iff you arc 1 fore thatiiitiS* ; then 
^recifdy- -fix o ! clcek»' by th©<iSwjj ; to 
which time, let your -watch," ~anik then 
you rriay ;fet it to the :tra& equal, time 
by * eornmon iE^uatic^-rtahk^ii which 
{hews how much the Sun's time is 
fatter • *jr . flower *h>n -A!P.;^aJ/ithn& 
euery.'day ^f;th^.y.^ar f . ; : . ^,-^V ->Vv .' 

iV". J5. In all oqferVatioTis.jof .tjbe Sfun's 

altitude, you muft fubtra& the re- 

: fra£Uon of the Sun's tife by the 

*• Atmbfphere from the obferved" al* 

titude; for o'therwife you will' not 

. . have it true. And for- thw purpofej, 

I (hall fubjoin a Table .'of refra&ions 

at the end of tpcie f problems, to 

lhew 


t W 3 

(hew, haw much lifcfsr.tfte true alritudo 
is, than the ob^rvep 1 altitude;.! and 
when it is fo much [•■lejjg than, the pro- 
Mem gires, as is equal to the quantity 
of refraction at the time of the obferv-i 
e4 altitude, v,qu have the altitude: true. . 
. And here, with \ regard to- the plan 
cjng of Sufi j diafe, .1 rnuft mafae.ab ob». 
fervation,; that; maVj^per haps, fettita viiryr 
odd one to moft people; which is r 
that, if tj^e Dial be made- according; to 
fche ftricV rules of calculation* "and be 
truly iet at the infant uihen thet 
Suns i§, ori the -. Meridian \ : it- wilb 
be a minute too faft in the Forenoon, 
and, a minute too flow in . the Afternoon, 

# * - 

by the fhadow of the Stile i . for the 
edge of the Ihadow that fliews the time- 
is even with , the Sun*s foreriroft edge': 
all the time before Noon> arid even 
with his. hindmoft edge all the Af- 
ternoon, on the Dial. But it is the 
Sun's center that determines the time 
in the, (fuppofed) Hour circles of the 
heaven. And as the Sim is half a de- 

r . 

gre,e in breadth, he. takes two minutes 

L to 


* * 
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to move through a fpace equal to his 
breadth; fo that there will be two 
minutes at Noon in which the fhadow 
will have no motion at all on the Dial. 
Confequently, if the Dial be fet true 
by the Sun in the Forenoon, it will be 
two minutes too flow in the Afternoon ; 
and if it be fet true in the Afternoon, it 
will be two minutes too faft in the 
Forenoon. 

» r 

The Only way that I know of to re- 
medy this, is to fet every hour and 
minute divifion on the Dial one minute 
nearer XII than the calculation makes 
it to be. 

The Sun moves 1 5 degrees in one 
hour, 30 degrees in two, 45 in three, 
60 in four, 75 in five hours, and 90 
in fix, with refpecT: to the equator ; but, 
in an oblique fphere, the motion of 
theihadow, either on a horizontal or 
vertical plane, is very different. To 
find the degrees and minutes of a de- 
gree of the hour-diftances from XII, 
on a horizontal Dial, fay, as Radius is 
to the fine of the latitude of the place 

(which 


[ 75 ] 

(which is the fame as the angle of the 
•ftiles height) fo is the Tangent of 15 
degrees^ and of 30, and 45, 60, 75, 
.an4 90, to. the Tangent of thediftance 
(in .degrees and minutes) of XI and I, 
X and II, IX and III, VIII and IV, 
VII and V, VI and VI, from XII on 
the Dial. 

The . feme calculation ferves for. erect 
South t)ials, ohlyufing the Co- latitude 
inftead of the latitude, for the hours and 
height of the ftile. 

9* The Latitude of the Plate and the 
Sunt Declination , being gpoen y to 
find the Suns Azimuth from the North 
at fix clock. 

• As the Co-fine of the latitude, is to 
Radius, fo is the Co-tangeot of the 
^un s declioation to the Tangent of his 
>A2imuth from the. North ;at fix. 


v ... . ■*. ■ • ' 
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tiwtyihe 'ttojbtepg^gtom'rJ* find 


UtihWJme* *,;:;.:: ' - *£ 






— -# * 


« -> &s tife-^Gto JmVtSF the SaA's; attitude 
is to the fine of the time fi#m l *Npbh 

&#&-<& Swn£ i afeclinatjb^ ti^he fee 

^i^a^iaWt^Yrote'^e^tfc ^ i " 

ill 10 1.-. •.■.«- 


^ » • ■* * 


( 

„ Find ike, afaenfional, .^SaaUkOR\ by, 

into tiiqg 4 Pffla& JJjptJMiqiifffiffi: f 
hours, when the Sun is in r, », n, ®, & ? 

and *k, and the remainder will be the 

tiwe o£ Sun-rifing, <and added to 6 will 

lie the time of Sun- letting. $ut, when 

the 


,thc Sun ifLii^aM»^^i#P4.*» ^>c 




tractea tnererrom gives me rime or ms 
fetting. » How ,to-. find his. Amplitude 




* "*i 1 *i • f 


12. 7/fe Latitude of the Place and the 
.Sun '^Declination being jrive/t } to find 
tbe^bun s meridtan stwtf$ae. . , 


! / mertatan jutttwe. . , 

.• "■•'-A; «vo. /•r.iV.nv.Ys. v * 

^ S*btra& 'ifee"'^A^*»^'dc. 
grees, and the remainder will be* the 


. North .and t^e.Qfc , Souf h» thejr dittii;- 
ence ® the Meridian itftttujje,. . . 

.9° 




W 

y * 

3 <T> 



i/ *° 


/t 


to 
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Ho find the "Stiffs Altitude at any time 
of the day, by the Shadow of an upright 
cbjeSl m a horizontal Plane* 

As the length of the fhadow is to 
the height of the ' ebjedt, fo is Radius 
to the Tangent of the Sun's altitude 
at the time of obfervation. 


■ s 


*Tbe Latitude of the place, the Sun s Me- 
ridian Altitude, and pre/ent Attitude, 
i being given-, to find the time of the 
:■'■ day. 




As Radius is to the' Co-fine of the 
j Sun's declination,' fo is the'CJo-nrie of 
the latitude to a fourth finer and,^iajs 
that fourth fine is to Radius, fb is. the 
difference between the Sun's meridian 
'altitude and his prefent altitude to tlie 
rerfed 4ine of the time frdnt Noon.* 4 ' 


A Table 


/ 


[79] 
The intended Aftronomical Problems 
being finiflied, we now give the pro- 
mifed Table of Refraflions. See pag. 72. 
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Appar. 

Altit. 

Refrac- 
tion. 
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Refrac- 

a£ 

Refrac- 
tion. 

• < 

, . 



, . 

• 

" ' 





33 

4! 

21 

2 18 

"jo" 

36 

| 



'! 

30 

*4 

22 

2 11 

57 

• 3S 



30 

27 

35 

*3 

» s 

58 

• 34 

§ 



« 

'5 

11 

*4 

> 59 

!» 

32 

,• 

I 



23 

7 

3 

' 54 

60 

31 

s 

I 

■5 

21 
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30 
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46 
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62 
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1 

1 

45 

18 

22 

28 
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63 

27 
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8 
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64 
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30 

IS 

a 

30 
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O 2J 
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20 

3 1 

1 28 

O 24 

3 

4 

30 

10 

57 
48 

3» 
33 

1 H 

11 

O 23 
O 22 

J' 

4 

3° 

9 

jo 

34 

1 19 

09 

O 21 
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X 

35 

1 16 

70 

O 20 

■1* 

i 

30 


8 

7 

21 
45 

36 
37 

' "3 

7' 
7» 

10 

18 

6 

3° 

7 

H 

38 

I 8 

73 

17 

7 
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47 

39 

1 6 

74 

16 

7 

go 

6 

22 

40 

> 4. 

75 

is 
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14 

4 

3 

3° 

5 

40 
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1 

77 

13 
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13 

43 

58 

78 

12 

9 

3» 

5 

6 

44 

56 

79 

11 

•5 

10 
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45 

54 

80 

10 
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27 

4« 

51 

81 
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C. •• ♦• ii*. - ^i* / +)-JL %. t ' J* . • • ' J j t. 

*fa< EteJerfytvpK vf\ an JtiftxiitmnP for 
. \fihm£ maty u^irommkst'PrBkntiy 

j JcaL . harJ^oniaL and, tie&wall t>ial$y \ 
• for thing 'Jpherkal T^iangl^ an$fofo~\ 


O » 


Mr.j . Mt*$goi j ]jl\iw$Y> Shipwright,! 
cp.nt#MedJ $. yziy\ ufefiil; 5 i^tenjetut fe- ; 
vjetal! yjeafs agp, [which: he caHfc 7% -^*- 
tyillary TrigOMfrtfter : and I had it; 
ftoie- mont£uu.by m« in- theyeat ty$yJ 
Since tfiat time,, he ihewecj. me a pafte- 
hpard model of an inftr^menfc, much 
of the fame fort, but of a much ftpaller 
Qze$ which, I believe, he has not yet 
made* -either of .wood or metal.' Andi 
ap, itois a thing that defer ves well to 
be.kitewn, oft account of its great uti- 
lity, I have made it of wood^ as re- 
presented' in Plate I. The only addi- 
tion mat I have made to Mr. Murray's 
ftheme, is a circular fcale of the Sun's . 
declination for the different; days of ; 
the Yeaj> to fave the jjouble of referring 

to 




to Tables ■ of the Sun's declination in 
■printed books ; as it is one of the data 
that rrruft be had in folving moft of 
■the following Problems, ' which are only 
*a few of thole that may be folved by it. 
; The upright circular board A is 12 
inches in diameter, and one inch in 
thtekneis. : ft ftands oft the horizontal 
faat-B '•-•'• 

On the left hand fide of this board 
is a flat -fenricrrcle C; which is made 
of box, wood,, and is pinned faft to the ' 
loosed J. 

To this femicircle is joined fuch an- 
other, D t by two hinges,, at the zenith 
ratid «nadir (Co marked in the .figure) ; 
;and is moveable on thefe hinges. 
.When &\s put down flat to the board, 
it and the other .make a flat circular 
ring^ t>n -which, the months and days 
<rif the year are laid down, and all the 
degrees of the SunV North and South 
declinations' anfwering thereto: within 
which, the four quadrants of the circle 
are divided into 90 degrees eac,h. 
*■',*• -: - .• M . J - . In 


1 - 
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# ■ 

In the upright board A^ the ends 
of the horizontal femicircle B are fixed. 
This femicircle ftands at right angles 
to the plane of the board,, parallel to 
the foot Bi and is divided forwards 
and backwards into 3? equal, parts, for 
the points of the compafs'j. within 
which the two quadrants are divided 
into 90 degrees each, numbered from 
the South and North points; to the Eaft 
and Weft, at E. W. where the numbers 
end at 90. , 

Within the two femicircles Cand D 

1 

(when D is put down) is the flat board 
F, whofe furface lies even with the 
furfaces of thefe two femicircles; and 
which is moveable, round the fixed pin 
f in the center. On this board is a 
diameter line (marked Axis) which re- 
prefents the axis of the world, and ter^ 
minates in the North and South poles ; 
where two hinges join the moveable 
femicircle G to the board. This fe- 
micircle is divided, upwards and down- 
wards, from the middle to the North 
and South poles, into twice §6 degrees, 

for 


r 

i 
i 
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for all the North and South declina- 
tions of the Sun, Moon, and Stars.. 

In the moveable board F, the ends 
of a femicircle H are fixed. T he plane 
of .this femicircle is at right angles to 
the plane of the board, and alfo to the 
plane of the femicircle G in all po- 
fitions. It is firft divided into twelve 
equal parts, where the hours are dou- 
bly laid down: and then, each hour 
is fubdivided to every fifth minute. 
The outermoft hours are thofe , from 
midnight to Noon^ and the innermoft 
are the hours from Noon -to Midnight. 

A quadrant /, whofe furface is even 
* with the /urface of the great board A y 
is divided into 90 degrees, numbered 
upward from the horizon to the zenith. 

As thefe femicircles anfwer all the 
purpofes of whole circles, in the inftru- 
ment ; we fhall call D the vertical cir- 
cle, E> the horizon, G the hour- circle^ 
and H the equator. , There is a notch, 
in £>, which receives E\ and the in- 
nermoft edge of D goes clofe to the 
outermoft edge G, whofe innermoft 

M 2 edge 
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edge touches the outermpft edge of $£ t 

in all pofitions* , 

r 

* • 

^ - ■ - 

7$* latitude of the place , and the day 
of the month being given $ to re&ify 

the Infirutnent for ufe. 

* 

In the following Problems, we mail 
always fuppofe the latitude of the 
given place to be North. Therefore, 
turn the moveable board F till the 

* ' 

North pole comes to the latitude of the 
place, on the quadrant I\ then, find 
the Sun's declination for the given day 
of the year, on the femicircles C or Z)'; . 
and, as that declination is North or 
South, mark it with chalk, North or 
South of the equator 77, on the move- 

able hour-circle Gi and the inftrument* 

' ■ ■» ■ 

will be re&ified : and remember that 
it muft always be fo, in each of the 
following Problemsj except the 9th, 
and nth. 


ProbI !• 


. j : 


- * * 


\ » 
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Prop. I. 

* 

1 

To find the time of the day, either in the 
Forenoon or. Afternoon ; /»*/ the Suns 
true Azimuth from the South, at 

that time. 

* . • . 

Objferve the Sun s altitude with a 
quadrant. Then, move the vertical 
circle Z), and the hour-circle G, till 
the Sun's obferved altitude (above the 
horizon i£) on the former, coincide? 
with h^ declination on the latter : and 
then, the circle G will cut the time 
of the day in H when the obfervation 
was made ; and the number of degrees 
reckoned from the South point of the 
horizon E to the vertical circle D } will 
be the Sun's true Azimuth from the 
South af that time. 

■. . 'v > . - 

Prob. IL 

To find the variation of the compajs* 

: The .Sua's true Azimuth" being Found 
by the foregoing Problem, compare i* 

with 


L 
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with the azimuth fhewn by the com- 
pafs at the time of obfervatipn: and 
the difference will be the variation of 
the compafs at the place, where the ob- 
servation was made. 

t 

Prob. III. 

7%e time of the day being given ; to find 
the Suns altitude and azimuth at that 
time. 

Put the hour-circle G to the given 
time on H\ and, keeping it tjiere, 
move the vertical circle D till it cuts 
the Sun's declination in G; and the 
interaction will cut the Sun's altitude 
above the horizon in Z), and D will 
cut the Sun's azimuth from the South 
in E. I 

Prob. IV. 

To .find the time of the Suns rifing and 
jetting^ on any day of the year, in any 
given North latitude lefs than 66^ 
degrees. 

The reafbh for confining this Pro- 
blem within 664. degrees is r that in 

greater 
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greater latitudes, the , Sjin . continues 
tev&d .natural days (of 24 : hpurjs each) 
abotte the horizon in Summer, without; 
letting; and the time .is t^e longer a? 
the; place is the riearer to the pole. At 
the poles of the earth,, the Sun is con- 
tinually above the horizon for the 
Summer half year, and continually 
below it for the Winter half. To folva 
4his limited Problem, turn; the bpur-t 
circle G till the Sun's declination there-: 
on, for the given day, domes to the ho- 
rizon £; and? then, G will cut H in 
the time of the • Sun's fifing, among 
the putermoft hours: and 'the time of 
his fetting, among the innermoft. V- ,- 


Pro b» V. 


• i ... 


*Tq find when the Morning Twilight ; be- 
gins, and when the Evening twilight 
ends. '• v . •■ - 

. . flflien. tlj$,pun is juft 1 8 degrees be- 

lp,w t^e hprikon in the Morning, the 

,.-..., Twilight 


&yfi\l$& btfgifts ^ andt^wheii Jie ;* ;n8 
&grees feelW the ' hof&bA in the feven- 
tfftg, the : TWtKght tnxfe. ; 'Therefore* 
i&rfk the *8 degree below the hori- 
km £ i\i tlie Vertical fcircfe g® $ awd 
ripk ; *hfe Sue's declination feshe; gi- 
0fcn day- in <thfe Moveable ftotir-circle <*. 
I^hfe ddrie, tUto ■£> and G <mi «feeir 
hfflges till y6u -god the 18th degeefe 
be^o^ tfie hwizon on £) cuts the <&- 
donation o& '(£; and then G wiH cm 
STta the tilhfe When *he Mofning Twi- 
light begins, among the dutermoft 
feotM J ; and l «he 'time ^vheii the EvetH 
teg Ttoflight ends, ariioh'g tiie inifcfr- 
moft. * • • 

N. B. When the jjoint of the Sun's 
declination, in the Summer months, 
• does not 'go,- {6 iar .as 1 8 <legree6 bel- 
low the horizon, at Midnight} the 
Twilight continues all the Night. ' 


£rob. VI, 
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Pros. VI; 

■ 

A place being given in the North frigid 
"zone, (that is, in more thAn 66 r degrees 
of North latitude) to find v# what 
day. of the year the Sun begins to Jhine 
conjlantly ofl that .place without fetting ; 
and how long he continues to do jo. 


The pblfe being elevated to the la- 
titude of the place, put down the move- 
able hour- circle G quite flat to the 
board A\ and then, obferve what de- 
gree, or J3oint; of North declination on 
G cuts the horizon E. When the Suft 
is at that point of declination, before 
the 2ift of June, he begihs trf'go on, 
without letting; and Continues to do 
fo till he comes to tKe like poitit of de- 
clination after the 2 ift df Juiie. There- 
fore, the two days, befofe and after the 
21ft of June, which anfwer to the faid 
point of declination in the Icale of 
months, give the folution 4 of the Pro- 
blem: that before the 21-ft of June 

N being 
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being the day oh which the Sun begins 
to go round with .fetting ; and he con- 
tinues td do fb, till the other after the 
\ i 1 ft of June, on which he begins tc» 
fet ; and theri to rife and fet a* at other 
*placeV . ■ ■ , 

«« . 

• * 

To jihd how long the Twilight continues 
• , at. the poles pfitke Eafth. 

The contintfance is ecjuat at eacn 
pole, but at contrary times of the year i 
fuppofe. therefore we take it for the 
]^6ri;f* pole. ' 

At- the- North pole, white tne Sutf 
ft above. the horizon, his altitude is 
equal to his declinatioo North : arid 
wmle be: is .belovir the horizori, his de- 
prefiion Js equal to his declination 
South; and his South declination be- 4 
-gins on the 2.3d of September, and ends 
on the-. 20th of March. But, as his 
South. declination is within 18 degrees 
from thp 2$d of September to the 13th, 

of 
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pf November, the Twilight continues 
all that time after the Sun fets. And 
as it is within 1 8 degrees from the 29th 
of January tp the 20th of March, there 
is Twilight all that time at the j$ortfy 
pole before the Sun riies to it 


|>ro ? . -VIII. 

To find the Suns depreffion below the ho- 
rizon, at any time of the night ', in any 
given latitude lefs than 664 degrees. 

The inftrument being rectified, bring 
the moveable circle G to the given 
time of the night in H\ then, move the 
vertical circle D till it cuts the Sun's 
declination for the given day in G, and 
the declination in G will cut the num- 
her of degrees of the Sun's depreffion 
helow the horizon at that time* in D. 

N 2 . P*ob. IX. 
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t 

^ * 

P v ROB, IX. , 

lb find in what North latitude the hngefi 
day is of any given length lefs than 24 
hours. '•■ ."• * ' i- ' 

In Northern latitudes, the longeft 
day is when the Sun's declination is 
234- degrees North. Divide the given 
length by 2, and the quotient will 
give the time of Suo-fetting : tq vyhich 
time, place the circle G among the in- 
jiermoft hours on H ; and then, turn 
the ' moveable board F till 2 34. degrees 
of North declination on G comes down 
to the horizon E ; and the elevation 
of the pole above the horizon will (hew 
the latitude of the place, in the qua- 
drant /. 

Prob. X. 

» h 

! \ I 

To find the Suns amplitude at t rijing and- 
Jetting^ in any given latitude left than 
664. degrees. 

> 

The time of the Sun's rifing and fet- 
ting being found by Prob. IV. count the 

number 
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UPOiber of- degrees on the horizon E 9 
qt which he rifes and fets from the Eafli 
and Weft points; and thai' number, will 
be the Sun's amplitude. 


Pro?* XL 

* * 

*£he length of the longfji day being givitt % 
s qt any place whofe latitude is North ; 
(o find the x latitude of that place P 

If the given length he lefs than 24 
hours, fubtradt its half from 1 2 hours ; 
and the remainder will be the time of 

* - » • 

Sun-fetting on that day. To which 
time, pjacethe moveable hour-circle Gy 
among the innermoft hours on H\ 
and then, turn the moveable board, F 
till 23^ degrees of North declination 
on G comes down to the horizon B t and 
the pole wilt then point out the lati- 
tude of the place, in the quadrant /.- 
the elevation of the pole above the ho- 
rizon: of any place being always equal 
to the latitude of the place. ' 

. . 6 If 
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If the length of the longeft day con«f 
fjfts of feveral natural days, of 24 hours 
each ;. take the Sun s altitude by a qua. 
cjrant when he' is due North, oa the 
21ft of Tune: at which time his de- 
clination is 23^ degrees North. Then, 
put down the femicircles D and G, flat- 
to the board A\ and turn the movea- 
ble board jF** till 23-^ degrees of North 
declination on G cuts the Sun's oh* 

> *■ r 

ferved altitude on D: and then,, the 
North pole will point to the latitude of 
tfce place, in the quadrant L > 

Prob. XII. 

* * * 

J» fie Surttiner months^ to find an Baft 
and Weft line; and confequentfy a 
Meridian line, for a flaee of any gi- 
ven latitude* 

% « 

• This is beft done about the time of 
the Summer folftice; becaufe the Son's 
declination changes flower about that 
time than any other in Summer : and 
!t cannot be done in the Winter-lialf 
. : of 


< 
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of the year* by the ihftrumehtj be- 
taufe, during that time, the. Sun is air 
ways paft the Baft before he rifes; and 
he fets before he comes to the Weft. 

Having a wire fet upright in a level 
Dpard, on which the Sun may (hine when 
.he is due Eaft or due W*ft, as already 
.tnentioned (pag, 70) and the mftrumerit 
being rectified, bring the vertical circlfc 
D to the Eaft arid We.ft point of the 
horizon E, and turn the moveable 
hour -ekele G till the J>mt's declination 
thereon, for the given day* comes to' 
the vertical circle D y and the dfecli* 
nation in G will, cut the Sub's altitude 
In D wheri. he' is due Eaft or <iue Weft 
on that day; For the reft of the, ope- 
ration, fee pag. 70 and 71* 

Pros.' Xliib ? 

ilo find the diflances of tiff tie Forenoori 
and Afierfioon hours from XII, ** 
a horizontal dial foi" tiny gtoen La* 
iitude. 

Elevate the pole, in' the quadrant /, 
tb the latitude of the given place; and 

bring 


bring the rrioveaJDle noilNcirble G fuc- 
ceflively to all the butermoft hours pa 
the equator H\ and G will cut rijfe 
diftances of all the Fdredbn Hours' frorh 
XII on the hdrizdri £, as you bring it 
to the like hours, on the equator.- The 
'Afternoon hours being at the fatrie 
diftances frdm XII as ■_ the Fbreriodh 
iiours are, by having the latter we hatfe 
alio the former* 


» • « 

V * - 


* «■* 


*/V; 5. When 2 34. degrees of Nbrtf) 
1 w declination on G comes to the h&* 
"' - iizon E, G will cut M in the tim& 
of the Sim's fifing and fetting o& tfc6 
longeft day; and cbrifequently win 
limit thfe number of hotirg id be pud 
upon the dial. By th6 fame method, 
the half hour and .quarter diftances-' 
from XII may. be found, for all the 5 
hours on the dial. . 


* . » 
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PROB. XIV* 

To find thi dijlances of the Forenoon and 
Afternoon hours from XII, on a ver- 
tical South dial for any given la- 

- titude-. 

The jpole being elevated in the qua- 
drant J, to the latitude of the given, 
place, bring the Vertical circle D to the 
Eaft and Weft point of the horizon R 
(at E. W.) This done, bring the move- 
able circle G fucceilively to all the out- 
elrmoft hours on H, from XII to VI ; 
and G will cut D in all thefe hour-di- 
ftahces from Xll, reckoned downward 
from the zenith to the horizon. Thefe 
are the Forenoon hours: and as all 
the Afternoon hour diftances from XII 
to VI are the fame as the Forenoon 
hour-diftances, 'tis needlefs to work 
for them by the inftrument. 

N. B. On all erecl direct South dials, 
the Forenoon hours begin at VI in 
the Morning; and the Afternoon 

O hours 
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fiours end at VI in the Evening: for 
the Sun never Urines more than, 
twelve hours on any dial whofe plane 
is perpendicular to the horizon. 

The meridian, or twelve o'clock line, 
on thefe two dials,- muft be made as 
broad as the ftile is thick. The angle 
of the /tile's- height muft be equal to. 
the latitude of the place, (of w}uch the 
horizontal dial is made ; and the angle of 
the (tile's height in an erecT: direct South, 
dial muft be equal to the Co-latitude of. 
the place. 

Having- thus found the homvdiftan- 
ces from XII by the inftrument, let them 
off with your comparTes, hy a line of 
chordsj from the twelve o'clock line 
on your dial plates; whic.fi' Un^s be^ng 
made as broad as the ftile is, thick,, fet 
off the Forenoon. hours from, the, edge; 
of the twelve o'clock line, which is to- 
the Forenoon fide okthe dial ; and' the: 
Afternoon hour.s from .the. Aftjernpon 
edge of that foe, f J" ."i' ;...,:; ., 

The 




J 


The.$r p'cdo^Ji line i^ p$£pendicular 
to the meridian line on thtfe .dials. 
It muft ,be dratyn, b?fpre , you begin to 
let off the hoUr-diftances on the dial : 
and the centers of the two quadrantal 
arcs (taken , equal to the ehord of 60 
degrees on your fcale) muft be in thofe 
■points of the edges of the broad me- 
xidia/h line* where the fix o'clock line 
interfe&s it. And the broad edge of 
the ftile, that fhews. the time by the 
ihaoW* muft rife from thofe points 
-in the dial which tvere made the centers 
o£ the above quadrantal arcs on which 
the hour-diftances are fet off from XII. 


* • 


PROB. XV. 

I 

To find the diftances- of- the Forenoon and 
Afternoon hours from XII, on a ver- 
tical • dial j declining from the South 
toward the Eafi or Wejl y by any given 
number of degrees. 

Let us fuppoie that face of the dial 
fnuft decline (or turn away) 30 degrees 

O 2 from 


J , y - - 
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feoim tbfei South toward the Baft; then. 
his evident, that the Afternoon edgfe 
of the plane of. the dial is 30. degrees 
from -the Baft toward 'the -..North,' and 
ith©; rForenoonf edge thereof is 30 de- 
ge££s€t0m the Weft toward the South. 

Therefore, count the 30 degrees of 
declination from the JSaft point of the 
horizon £ (at go, under E. W.) to- 
Ward the North point; and where the 
reckoning ends {viz. at 66 degrees from 
the North), place the vertical circle & 
in the horizon ; and D will reprefent 
the plane of the declining dial. Then^ 
to find thediftances of the Forenoon 
hours from XII on the dial, bring the. 
rnoireahle hour-circle. <£ fucceflively to t 
all the Forenoon hours (which are the. 
outeirooft) on the equator M, as XI* Jfa 
IX,' &!c. riU G comes to the horizon M 
m the point where the vertical circle j£) 
inteffe,6t3 it. * ..And in* dosing ; this, G. 
-will cut the diftances on Z) of all .the; 
Forenoon hdurs from XII* that muft 
he put .upon the dial ; thefe . .diftaeces 


1 £ ■;/'.«■ .» » ' 
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being reckon <ftl downward 1 oar ZV from 
the zenittof'tottKe horizon. , • • ' >. • > 
* TJhttti, becaufe we have- ©cry ibmt- 
circles in the inftrument, to find: all the 
hour diftances by ; and as the Afternoon 
hours are not cqui-diftant with the Fore- 
noon hours from XII on declining di- 
als; let the Afternoon hours I, II, III, 
&c. be reckoned among the outermoft 
on the equator H from the right hand 
toward the left, and let their diftances 
from XII be taken upward on the ver- 
tical circle Z), from the nadir toward 
the horizon E, To find thefe diftan- 
ces r bring the moveable hour-circle G 
foccefitvely to the hours I, II, III, &>c. 
(which are outermoft) on the equator, 
till it comes to that point of the ho-* 
rizon E where the vertical circle Z> 
inte#fec"b it; and G will cut D in the 
dHtances (reckoned upward from the 
n^dir) of all the Afternoon hours that 
muft be inferred on the dial. 

Having- thus found the diftances 
fmm XII, of all the Forenoon and Af- 
Jiemqqn hqurs that muft be inferted 

on 


> i 
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xm the declining" dial, and wrote therh 
down; draw. a fingle line . (no thicker 
-thanl the other . hour • lines) acrofs. the 
plane of the dial, perpendicular to that 
edge of.it which muft be the lowermoft, 
•and be parallel to the horizon, when 
•the diaLis'fet; and that line, perpen- 
dicular jo the horizon, will be the Me- 
. .Vidian 'or twelve o'clock line of the dial. 
I Near the uppermoft end of that 
line, affume. a point for the center of 
-ths dial ; : and, having taken 60 degrees 
'.ham the. line of chords. in your <iom- 
pafles^ fet: One foot m the center-point, 
•end- with ;the -.other, foot: defcribe. a fe- 
joiicircle oil the dial-plane; and there - 
.DHrfet »f£' all the above -found diftances 
from the XII o'clock Kne ; and; place 
the hours' at thefe diftances accordingly. 
. Then, 1 to find the diftance of the 
fubftile.(or.'.line on .which the ftilemuft 
itand) from the meridian line of the 
dial ; bring the moveable hour circle 
G to as many degrees from the Eafl; 
toward the South point of the horizon 
E as the vertical circle D ftands at 
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firorit the OEiaft toward the- North point ; 
and the circles £} ao<i G will crofs each 
other &t, light angles. - Then, the" num- 
ber of degrees, ©n D, which are inter- 
cepted between G. and the zenith, will 
be t&e angle, that the fubftile makes 
with the, meridian of the dial; which? 
nuift be fet off from XII, among the 
Forenoon hours, becaufe the fece ofc 
the dial declines from the South toward . 
the Eaft. And the number of degrees- 
on G, which are intercepted between? 
the vertical circle Z> and the North pole*; 
wiH be the an gle of the ft ile'sheight. 

The . fiabftile line muft be drawrt . 
to the. center point of the dial, that is, 
t©. the center of the femicitcle on which 
the* hourrdiftances were fet off from- 
XK> and the edge of the ftile that 
fhews. the hours by the fhadow, muft-. 
begin to rife from the. dial at. the center 
j*»nti • .,.•'«■. 

. la this, dial, the fifeite muft be\ veuy, 
thin, m etfe have.-alflaarp :edge. Ifr 
tfce; djal declines.. Weftward. from the- 
South, the vertical circle D t nluft- b£ : 

placed 
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placed as many degrees frdta the Eaft 
point of the horizon, toward the South* 
as the dial declines : and then, the hour- 1 
diftances from XII are to be found in 
the {arrie manner as above defcribed. 

In Eaft-declining dials, the fubftile" 
falls among the Forenoon hours; and 
in Weft-declining dials, among the Af* 
ternoon hours. For, in all kinds of 
dials, when they are rightly fet, the 
edge of the ftile, that cafts the madow 
for mewing the time of the day, muft 
be parallel to the earth's axis. 

Every one who. reads this, and un-» 
derftands the ufe of the globes, will eafily 
fee that thefe are only a few of the 
Problems that may be folved by this 
inftrument. And a bare view of the 
figure of it is fufficient to (hew, that 
any fpherical triangle may be readily 
formed and folved by it; and confe- 
quently, all the Problems that depend 
pn fpherical trigonometry. That juft ice 
might have been done to it, I wifli Mr* 
Murray himfelf had' defcribed it, and 
fhewn all its ufes. 

7* 
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twi 


whetbfr a clo$k goes true 
or not* . *•-»'•' 


2 

3 
4 

Si 


. The -.Aprs make 366. 
revolutions from the Me- 
ridian, to the Meridian 
again, or from any . point 
of the compafs .. to the 
feme point again, Jji 365. 
days ; and thererefore they 
gain a 365th part of. a 
revolution every 2 4., hours 
of mean fblar time, . 
. Confequently, if you 
mark the precife moment 
(hewn by a clock, when 
any ftar vanifhes behind 
a. chimney, or other ob- 
ject, as feen through a 
fmall hole in a thin plate 
Qr metal* jixed in. a win- 
dow-ihutter ;, an(| do thi^- for. feveral 
nights together , (aa fuppofe 20) if at 
the end of that time the ftar vaoimes 
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10 
11 
12 

*3 
H 

16 

*7 
18 

19 

30 
21 

22 
23 

2 4 

*5 

26 

Z l 
28 


Accelerations* 
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3 $5 54 

° 7 5* 4? 
o 11 47 42 

15 43 36 

o 19 39 30 

o 23 3$ 24 

7 [ ,0 27 31 18 

o 31 27 12 

? 35 2 3 6 
o 39 19 6 

°*43 H 54| 
o 47 10 48 

o $ 1 6 44 
o 5J z 36 

58 5S 30 

1 2 £4 24 
1 6 #> 18 

^10.46 13 
4 14 42 6 
j 18 38' iO 

- 1 ** 33 54 
1 26,29 48 

I, $0,2$ 42 
I 34 21 36 

i>38 17 30 
1 42 13 24 

. i 46 9*8 

1 jo 5 12 

1 54 1 < 
3? ! » 57 57 *l 
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as much fooner than it did the flrjl 
night, by the clock, as anfwers to the 
accelerations • for fo many days in the 
Table ; the clock goes true ; otherwife 
not. If the difference between the 
clock and flar' be fefs than the Table 
fhews, the clock goes too faft ; if great- 
er, it goes top flow ; and muft be re- 
gulated accordingly, by lettihg down 
or raiiing up the batt t of the pendulum, 
by little and 'little, till-you find it keep 
to true equal time. 

Thus,, fuppofe the ftar ihbuld dif-r 
appear behind the- chimney any night 
when it is3CH by the clock; and that, 
On the 20 th night afterward, . trie fame 
ftar fliould odifappear when it is 41 mi 4 - 
nutes, 2 z feconds, paft X by the clock, 
which fubtra&ed from XII h. o ro.' o f. 
leaves remaining 1 hour, 18 minutes; 
38 feconds, for the time the ( ftar is . 
then fafter than thd clock;' look in 
the Table, and againft • 20, in the left- 1 
hand column, you will find the acce- 
leration of the ftar to be 1 hour; 1 8 
nain. 38 feconds; agreeing exactly with 
• * . what 
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what the difference "between the dock 
and ftar ought to' be; which (hews 
that the clock nieafures true equal 
time.? ' - 

Dr. Defaguliers informs us, that, tne 
length of a pendulunl (from the poipt 
of fofpenfion to the center of ofcillation) 
that Iwings jfeconds in the latitude of 
London, ! is 29.12& inches. Now, to 
find the length of a pendulum that 
fball ' make any othep given pumfcjer 
of vibrations in the; fame latitude, .in a 
miriute ' y fay, as the fquare of the given 
number bf vit>r&ti<>ns. is to . th^e fquate jof 
60, fo is T^«. 1 28 .inches (the length, Jof 
the franeMrdVto the length in inches of 
the pendulum fought. : . f ' 

Tfy this rule,, the following Tablets 
calculated, for all numbers of vibrations 
in a minute, from 1 tb 180, fervin^ for 
the latitude of London. And, by tpe 
next Table that follows (page 11 o) the 
pendulum/ 'may be corrected . for any 
other latitude. / 

V 2 ATakie 
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r TaMe, Jhewing ' of.. y&it. length 
Pendulum muft be, /to. make any 
given t number of Vibrations in, a 
minute , from 1 to 1 8 o, in Lat. 
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Length of 
jhe rend. 

9 f »#*i, V 

5! 

Length of , 
the rend. 

•-1 


• 

I 

Pendulum. 

4 < 

cr 

•■* 

r. 

8' 

a 

CM 

• « 

3' 

J 

O 

u 

CO 

• 

61 

* 
» * 

Feet. laches. 

Pert. Inches. 

ffeet. Inches. 

* 

1 1738 4.800 

i2 : a.^77 

3 1*85* 

2 

2934* .7.200 

32 

11 ,5-637- 

62 

3' 0.644 

3 

1304 3.200 

33 

10 9.358 

63 

2 11 -490 
. 2 10.387 

4 

733 ,7-8oq 

34. 

IP .j.852 

64 

5 

499 6.432 

3$ 

9 d.998 

!* 

* 2 9.340 

k6 

326 oj$qp 

36 

L g \ 0.681 

66 

• * 8.337 

~r 

239 6.710 

37. 

8 6.894 

< 6 J 

2 6.465 1 
2 5*586 

8 

18 3- 4.IJ0© 

38 

8 ' 1.^43 

68 

9 

141 M.0,22 
HO 8.608 

39 

7,, 8.611 

69- 

10 

40 

7 4.038 

70 

' 2 4-747 . 

u 

97 °-*3$ 

41 

6 "11*730 • 

71 

3. 3-943 

12 

80 u«2j£ 

4 2 

6 7-753 

7* 

2 3^72 

1.3 

69 2J538 

43 

. i6 L 4-P74 

73 

* 2.433 

H 

59 5-566 

44 

6 ; °:7S9 

74 

2 1.723 

15 

52 2.048 

45 

$ 9-56i 

75 

2 r.042 

16 

45 io-*34 

46 

5 6.569 

76 

% 0.387 

*7 

. 40 - 7.408 

47 

5 3-767 

77 

1 11.758 

18 

36 2,755 

48 

5 a -J37 

78 

1 11. 152 

«9 

32 6.190 

49 

4 I0.007 

79 

f 10.571 

20 

29 4. 1 54. 

5? 

J4 *344 , 

80 

1 1.0.009 

2\ 

26 7.639 

S« 

4 6.ij6 

81 

1 9.469 
1 8.949 

22 

24 J ; Pi4 

P 

4 4-093 

82 

23 

22 2.277 

*3. 

4 . 2.14$ 

8 3, 

• 1 t 8.447 

*4 

20 4\55<> 

54 

4 0.169 

84 1 

1 7.963 

2 5 

i8 r 8.377 

55 

3 10.465 

2s 

1 7-49. 6 

26 

• *7 ' 4-*374 

56 

3 8.818 

*6 

\»' 7-5*5 

27 

16 1.238 

57 

3 7-355 

87 

1 6.610 

28 

14 11.669 

58 

3 5-873 

88 

1 6.190 

29 

13 11.492 

I 9 

3 4466 

89 

1 5.771 

3° 

13 0.512 

60 

3- 3-»*8 

9° 

1 5-359 
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He Pendulum Table concluded. 
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l 7l 
I* 

'9 
2a 


Length of J 
the Pend. 


*-i .v. 


Feet 


;t. Inch. 


91 t 5.040 

92 1 4*642 
9$ 1 4.252 

94 1 3-939 

95 1 3-597 

96 i 3.284 

97 1 2.971 

98 1 2.670 

99 * *-37* 
coo 1 . 2.068 

toi 1 i.8oo 

io* 1 1.539 

103 1- 1.277 

104 i'. 1.006 

105 1 0.776 

[06 I v 0«536 

107 1" 0.303 

ioS 1 .0.076 

109 o< M.856 

to o 11,64* 

n o' 1 1.433 

12 o ii.211 

T3 ^-0""Ti.03l 

14- ' q 10.^38 

15; o 10.561 

rf| 0,10.368 

o 10.281 

10.11? 

Q 9.954 

o 9.78* 


Length 
of the 



Length for 300 Vibrations 
in' a min. 1 inch and .565 
parts of an inch. 
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A Table, /hewing how much a P 
lutn that /wings Seconds at t 
Equafor ' fvpula * gain finery 24. hour: 
Jn different- Latitudes', and" boyp 

. much, the Pendulum '> would need fa 
be lengthened in tbefe Latitud^s^ m 
order to make it fwing Seconds thejre-. 


in. 



. 

Lengthen- 
ing of the 

Latitude 

Tiaie 

of the 

gaiijecL • 

Pendulum 

Place. 

m bne 

to fwing 

* • 

Day, 

Seconds. - 

* 

Deg. 

Seconds. 

-Inch* Parts. 

S 

1 7. 

. <y .0016 

10 

6 .9 

.0062 

is 

'5 -3 

. .0138 

20 

2& ,7 

.0246 

•25 

40 & 

.0369 

3° 

57. .1 

. .0516 

35 

75 * 

.0679 

40 

94, . -J 

. .0853 

45 

114' .1 

! b .1033 


.1 

Latitude 
of the 
Place. 


*Deg. 


*—*■ 


50 

"S3 
00 

6j 

7° 

;7! 

86 

2f 

96 


Time . 
gained 
in one 
Pay* 


Lengthen- 
ing of ,the 
Pendulum 
to .fwing 
Seccnilsi 


Seconds; 


*34 

IBS 
171 

187 
aoi 

213 

221 

i*6 
$28 


.0 

.2 
•2 

•$ 
.6 

«o 

•4 
*5 

•3 


Inch* Parts* 


o 

o , 

o. 

o 

o 

o 

o< 

o 

2 


.I386 

• 1696 

• I824 

.2033 
12050 
•200 
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A pendulum that fwings feconds at 
the equajlor muft be — parts of an iach 

fhorter, than one that fwings feconds at 
London $ and a pendulum djajt Swings 
feconds it'the poles,;mvft,.|^ g.tparts 

of an inch, longer than ; one that 
(Wings feconds at London- The caufe 
of this d i ff er e nc e • arifes from- tkc*"fphe- 

roidical 
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rcikibcat figure t>f the earth, andV the 
centrifugal* force diminiming' (and fo 
aftlng gradually 1 , Iefs and Ids), from 
the equator to the North and South 
polesj as the ■ diurnal motions of the 
places are flower 'and flower. 

The length . of a pendulum that 
fwings fecohds at the equator is 39 
inches; and the length of a pendulum 
that fwings feconds at the poles, is 
39.266 inches. 

A Defer iption of three uncommon hinds of 

Clocks. 

\ I. About twenty; years ago, I made 
a wooden model of a clock, which 
fhews the apparent "diurnal motions of 
the Sun, -Moon,, and 'Stars, with the 
times of ' their rUing, 'fciuthing, and 
fetting, for every day of "the year - x to- 
gether with all the various phafes of" 
the Moon, and times of her being Kew 
and Full in the 'different months of the. 
year ^ with the days of the months,* 
never needing to be fhifted, fave once 

in 


1 

I 


t "2 3 

in four years; and the age of the Moon, 
for every day of the year, and to every 
third hour from her change, in. any 
current Lunation. - All thefe are (hewn 
on the dial-plate, without any confufion ; 
and t keep . the model ftill by me to 
mew in my lectures. - . "" • 

The outer part of the dial-plate is 
divided into twice twelve hours, and 
each hour into eight equal parts, for the 
half hours, quarters, and half quarters.. 

Within this circle of hours there is a 
ring, which goes round once in 24 
hours, and carries an index for pointing 
to the hours of the day and night, and 
a gilt ball for reprefenting the Sun, and 
(hewing his apparent diurnal motion, 
round the earth. This ring is divided 
into 29 days, 12 hours, and 45 minutes,, 
for the Moon's' age", from change to' 
change. A "ball, half black, half whitc^ 
is turned rround its axis in 29 ' days* 
1 2 hours, and 45 minutes, for (hewing 
all the various phafes of the Moon : 
the axis of the ball lies in the plane of 
the ring, and comes out a little way 

beyond 
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beyond the. Moon, and points to her 
age in the fbrefaid divifions on the ring, 
falling back, every day as much as the 
Mopn is later of coming to the meridian 
eyecy , day than me was on the day be- 
fore; and consequently, the Moon's 
motion falls back every day fo in the 
ring, as to go round it in 29 days, 1 2 
hours, 45 minutes, from the Sun to 
the Sun again. 

Within this ring is a fiat circular 
plate, divided .all around its edge into 
3.65 equal parts, for the months and 
days of the year, which are fet at the 
proper divifions. This plate makes 
366 revolutions (as the ftars do) in the 
time the Sun makes 365 ; by which 
means, . the wire that carries the Sun 
rpund in 34 hours, cuts the day of the 
month on the plate, as the plate ad- 
vances a 365th part of a revolution 
upon the Sun, once every 24 hours: 
fo that the plate turns round in a fy- 
dereal day, which confi fts of 2 3 hours, 
56 m. 4 f. 6 thirds, of mean folar time, 

Q^ and 
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and the Sun goes round in 24 mean 
folar hours. 

The equator, ecliptic, and tropics, 
are drawn on this plate; the ecliptic 
is divided into the 12 figns of the Zo- 
diae, and each fign into '3Q degrees. 
The wires, which carry the Sun and 
Moon, cut their places in the Ecliptic, 
for every day of the year. All the re- 
markable liars of the firft and feconcV 
magnitudes are laid down oh this place, 
according to their right afcenfions and 
declinations. 

Over this plate is a fixt horizon for 
fhewing the times of the rifing and' 
letting of the Sun, Moon, and Stars. 
When any Itar comes to trie Eaft fide 
df the horizon, *' it riles ; and the hour- 
Hand points to the time of its rifing t 
when it lets on the Weftern fide of the 
.Horizon, the hour-hand points out the' 
time of its fetting ; on any day of the; 
year which the Sun's wire then cuts. 

When the points of the ecHptfc, whicft 
are cut by the Sun's wire", and ' ths- 
Moon's, come to- the Eaft and Weft 

fides 
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fides of the horizon, • the hour-hand 
points to the times of, their rifing and 
letting, on the day of the year which 
the wire then cuts that carries the Sun. 

The wheel- work of this clock is as 
follows. 

In the center, behind the middle 
of the Dial- plate, is a fixt pinion of 16 
leaves, round which one wheel of i op 
teeth, and another of 70 are carried, 
every 24 hours ; the leaves of the pfc- 
' rrion taking into the teeth of the wheels. 
On the axis of the wheel of 100 teeth 
is a pinion of 14 leaves, which turns 
.a wheel of 69 teeth, on whofe axis 
is a pinion of 7. leaves, turning a wheel 
of 83 teeth, which wheel is pinned to 
the back of the lydereal flat plate 
above-mentioned, which has the months 
and figns &c. upon it ; and any -given 
point in the edge of this laft wheel 
"and "plate, revolves from the meridian 
to the meridian again, in 23 hours, ^56 
min. 4 fee. 6 thirds (which makes a 
lydereal day) and from the Sun to the 
'Sun again (which revolves in 24 hours^ 

*• , Qj* in 
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in 365 days, 5 hours, 4.8 minutes, 58 
feconds, and 4^ thirds, of mean folar 
time. 

The above-mentioned wheel of 70 
teeth (which is carried round the fixt 
pinion of. 16 leaves every 24 hours - ) 
has a pinion of 8 leaves on its axis, 
which turns awheel 0(54 teeth; ano! 
to the axis of this wheel of 54 the 
Moon's wire is fixed, which carries the 
Moon round, from the meridian to the 
meridian again, in 24 hours*, 50 min. 
33 feconds; round the ecliptic on the 
flat plate in 27 days, 7 hours, 43 mi- 
nutes, and 1 round from the Sun to the 
iSun again (or from change to change) 
in 29 days, 1 a hours, 45 minutes. 

1 

If. About ten years ago, . I made ?> 
wooden model of a clock.' for fhewing 
the apparent diurnal motions of the 

4 * 

f* It is generally believed that the Moon re- 
yolves from the meridian to the*roeridiaii again, m 
24 h. 48 min. but that k a miflake; for if fhe did, 
tiere iffould be 30 compleat days from change to 
^haipge^ ./ * -t ' \ '- ;, - • 

Sua 
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Sun and Stars, with the times of their 
rifing and fetting for every day of the 
year; and the days of the months all 
the year round, without any need of 
Shifting by hand in the fhort months, 
^ as is always done iji common clocks. 
I copied the Dial-plate of this model 
from a clock that Mr. Ellicott had 
made for the king bf Spain : but al- 
though Mr. Ellicott fliewed me the 
whole in-fide of the clock, I did not 
afk him what the numbers of teeth in 
the wheels of it were, although, I am 
convinced, he would have told, me, if 
I had ; nor do I, in the leaft, remember 
how many wheels there were in the 
uncommon or Aftronomicai part of it ; 
and fo I fet about contriving wheels and 
numbers for performing the like motions. 

The Dial-plate contains twice twelve 
Iiours, and within the circle of hours 
there is a Targe opening in the plate, - 
a little elliptical': the edge of this open- 
ing ferves for an horizon. 

Below the Dis*l-plate, and feea 
through the large opening iji it^ is a 

• flat 
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Hat plate on which the equator, eclip*- 
tic, and tropics, are drawn ; and all 
the ftars of the firft, fecond, and third 
magnitudes are laid down, that are vi- 
sible in the horizon (of Madrid in Mr, 
ElUcott's, and of London in mine) ac- 
cording, to their right afcenfions and de~ 
qlinations: the center of the plate being 
the North pole. The ecliptic is cut 
©yt into a narrow groove in the plate $ 
aq$ a fmall Sun Aides in the groove 
by a pin, and is carried round by a 
wire fixt in the axis, which comes a 
little way out through the center of 
the plate.. The edge of this plate is 
divided into the months , and days of 
the year* and the Sun's wire (hews th$ 
days of the months in thefe divifions, 
This ftar plate goes round in a fydereaj 
jday, making 366 revolutions in a year; 
jn. which time the Sun makes 365^ 
|ind confequently fhifts a divifion, or 
4ay of the month, every 24. hours. 
A fmall wire is ftretched from over 

$be center of the lydereal plate to the 

upper 


trpper XII on the fixed Dial-pkte* 
This wire is for the meridian. 

When the Sun, or any ftar, comes' 
to the Eaftern edge of the horizon, the 
hour index is at the time of rifing tit 
the Sun or Star, for the day of the* 
year, pointed to by the wire, that car-*' 
rfes the Sun : and when the Sun or 
Star comes to the Weftern edge of ther 
horizon, the hour index* is at the time 4 
6f its fetting: l^heSon always tomes 
to the meridian at the inftant of the 
Mar noon j, but every ftar come? fodfter 
to the merito evoi day, than k da 
on the day. before, by 3. minutes, 55 
feconds, 54 fjiirds of mean folar time,' 
as it revolves from the meridian to 
the" meridian again in 23 hours, ,56-11*,; 
4 f . 6 thirds. 
, When any ftar is on the meridian m 
the clock, the ftar which' it reprefents 
is on' the meridian in the heavens : the 

1 ■ 

time whereof is feen by the hour index 
on the Dial-plate; . And., as the ftars 
have their revolutions on the plate, one 
/nay look at the clock at any time, and 

1 "'" i- fee 
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fee what ftars are then above the horizon* 

• * » 

what ftars are then on the meridian, ana 
what ftars are then rifing and fetting^ 

My contrivance for (hewing thefe 
motions and phenomena, ir> the model* 
confifts of no more than two wheels 
and two pinions, as follows. 
. The wheels are of equal diameters, 
and fo are the pinions; the numbers 
of teeth are 61 in one wheel, and 73 
in the other. The pinions are both 
fixt on one axis, the . one having 20 
leaves and the other 24. The wheel 
of 73, teeth is fixed to the back of the 
fydereal wheel, and the axis of the wheel 
of 6 1 comes through the wheel of 73, 
and through the fydereal plate, and 
carries the wire round on which the 
Sun fides in the ecliptic gfoove, and alfo 
the hour hand on the Dial -plate. 

The wheel of 61 teeth turns the pi- 
nion of 20, and the piniori of 24, (fixt 
on- the fame axis with that of 20) turns 
the wheel of 73. 

Now, if the wheel of 61 teeth be 

turned round in 24 hours, to carry the 

4 ' Sun 
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jSuri and 'hour hind, 'the. wbwl^f'7$ 
Jc!eth:will ! be. turned round in 33 hours', 
-56 minutes, 4 fee onds, 6 thirds i -A**?! 
io, the fydercai : plate will make ju ft 
366 resolutions, in. flie time that the 
Sun makes 365*.'- . -. ... u!i ..: 

Mr. Ellicott had the prettieft, and 
tnoft fimple' contrivance I ever- {aw, 
in his clock, for Ihdwing the difference 
Jjetwecn equal and ibfar time (generally 
tecmed...tjie equation time) on all' the 
fHffereht ' days ' of* trier year. ■ He gene-*- 
roufly allowed me to copy that part 
into my model, and I have quite- con- 
cealed it within due of my wheels, not 
to {hew how it is done unlefs he' pub- 1 
limes an account of it. The Sun, by 
that urn pie contrivance, even ki'mf 
model, comes as much foorier or late? 

. to the meridian, than when it is Noori 
by a -..well-regulated 1 clock, - as the Surj 
in the heavens doesj at all the different 
times . of the year, excepting the four 
days on which the time of Noon jfhewri 
by the Sun and clock ought to coin- 

•cide: and then there h no difference in 
.-.''." R the 
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the iclockv - And although the wheel 
work* is. quite, open, to ) fight 'in the 
model which I now {hew in my- - lec- 
tures* noperfon who fees it can guefis 
how the jjnequai motion of the 8un, 
in the model, is performed., 

III. In the year 1764, when I 
happened to be at Liverpool, I con* 
trived a clock 4br Captain Hutchinfon, 
who is Dock-mafter of the place, for 
{hewing the age and phafes of the Moon, 
and the time of High and Low water 
at Liverpool, every, day of the year* 
with the ftate of the tides at > any time 
of the day ; by looking at the clock. 

At the right and left lower corners 
of .the Dial-plate, under the common 
circles for the hours and minutes, there 
are two fmall circular plates. On the 
plate at the left hand there are two 
circular fpaces, the outermoft of which 
is. divided into twice twelve hours, with 
f heir halves and quarters: within -which, 
the fecond circular fpace is divided into 

?9v *<i u *l P^ 6* &e days of the 
: Moon's 
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Moons age ; each day {fending under 
the time of the Moon's- coming to- the 
meridian on that day, in the circle of 
24 hour?. An axis comes through the 
center of this piate, and carries two in- 
dexes round it in 29 days, 12 h. 45 
min. or from change to change of the 
moon : and thefe indexes are let as far 
afunder, as the time of High water at 
Liverpool differs from the time of the 
•Moon's coming to the meridian. So 
that, by looking on this' plate in the 
Morning, one may fee at what time 
the Moon will be on the meridian, and 
at* what time it will be High water at 
the place. 

On the , right hand plate, around its 
edge, all the different ftates of the tides 
aje marked, from High to Low, and 
from Low to High j and within thefe 
appellations is a (haded ellipfis, the 
WgHeft -points of which reppetent- High 
itfater, and the loweft parts Low water; 
An index goes round this plate in the 
time of the Moons revolving from the 
meridian /to. the meridian again*; -and, 
- ■ 'Vi. R-2 at 
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1£ aj) ■dtf&ftenjt tim&, .points ot* the 
ftate •».£*• . tjfte tide,, as it may* fee then 
High, m tow,, rifmg or falling. ; 

. In. the arch of the Dial- plate. above 
the hour of XII, a .Hue plate -rifes and 
mU.frs. the. Tides dp at Liverpool : and* 
jpyer this plate, in a painted fkyy a glo> 
hular hall, half black* half whiter {Lews 
the phafes of the- Moon for evjery day 
•o/ her age, throughout the year. 
' The wheel- work for (hewing thefe 
appearances is as follows. , * 

. A wheel of 30 teeth is fixed on the 
axiss of the twelve-hour hand, and turns 
round with .it. _. This wheel - turns .: a 
wheel of 60 teeth, round in 24 hours, 
and on its axis* is 'a Wheel of 5.7 .teeth, 
which, turns round in the lame ,time^ 
and turns a wheel of 5 9 teeth round 
in 24 hours 50^ minutes, on whofe 
axis ,is the. index on the right hand 
corner-plate, going , round the plate 
in the time of the Mpon's. revolving 
from the meridian to the meridian 
again.;, and fliewipg . the .ftatje , of the 
Tjde at any i time, when ^e clpcjfc k 

' looked 


fodked .<at; ! « ij G* '.die axft'dftthe -faiwe 
. viiyd of 59 teeth -h &%ed>>tLti< • eltfptfcsrl 
plate, which raifes and lets.'doWiv'.tbe 
Tide^late 'in 'the arch,! twice' in' 24 
hours '504. minutes ;" ki ■ which 'ttnSje 
there are two 'ebbings arkh flowirigs of 
•the! Tides. • ' ;■ -\i ••• • •'•'* 

The. above- mentioned wheel of 57 
teeth has a pinion of J 6 I^aVeson tfs 
axis v turning a wheel of yfc-eieth, ob 
whofe axis is a pinion of 8 leaves, turn- 
ing a wneel or qh teetn; which 'ttjrns 
a wheel of' 54 teeth round in« 29 da^i, 
12 hours, ■ 45* minutes; and' on the 
anitfof the wheel -of 54 teerh are* the 
two indexes on the left-hand ^coriwfr 
plate, for (hewing the Moon's age on 
that -pl^te,* with the time ; of her foutJa- 
h|g, and of High.watef . 

The wheel of 4o"teeth heje\fn£ntjon- 
ed, might have been of any other num- 
'berjiand rnight fcasre been J . left touf, if 
the pim©n *>6 8 leaves : had taken into 
'the;v^heel 0^754 teefch, hot ihentfe 
index tfoook! have' gone the \erong~way 
rQutdxhe: $al:plase; Sol that 'Jiie only 

- )H < ufe 


life of the wheel of 40 is to be a leading 
wheel, for turning the inde^c round .tie 
right way. 

On the axis of the wheel of 54 teeth 
(which turns round in a lunation) is a 
(mail wheel of 20, turning a contrate 
wheel of the lame number, on whofe 
axis is the globular Moon (half black, 
half white) in the arch, turning round 
in a lunation, and {hewing all her 
phafes. 

, . In thefe three clocks, I have only 
described the uncommon parts, which 
are connected with the common part 
of the movement known unto every 
Clock -maker. 

• « » 

An eafy waytf reprefenting the apparent 
diurnal motions of the, Sun and Mto* 
in a clock, 

'.. Xet a thick wheel or, 57 teeth be 
< turned round in 24 hours, and take 
into the teeth of two wheels of equal 
jcjiametcrs, one of which has 57 teeth 
«and the other. 595 thqfe wheels ly&g 
:.;.v , clofe 
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clofe upon one another, and the axis' 
of the one turning within the .axis, of 
the other. A wire fixt on the axis s oF 
the wheel of c 7 will carry a Sun found 
in 24 hours; and a wire fixVon the 
axis of the wheel of 5 9 • will carry a 
Moon round in 24 hours 504. minutes. 
If the Sun carries* a plate round with 
him in 24 hours, and the limb of the. 
plate be divided into 294. equal parts 
for the days of the Moon's age, the 
Moon will (hew her age in the divi- 
fions of that plate ; and may be made 
to turn round her axis, and mew her 
phafes, by a wheel of any number of 
teeth, on her axis, and taking into the 
teeth of a contrate wheel of the fame; 
number, fixt on the axis of the wheel 
of 5 7 teeth, which carries the Sun. 

An eafy way of Jhewing the pbafes 9/ ths 

Moony in a Clock. 

jjLet a wheel of 16 teeth be fixed on 
#fft j axis 0f ''■ a wheel of 15, and the 

wheel of af<> turn ft wheel of 63, on 

whofe 
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whole axbiiet. a'ball, half black, 1ialf 
white, .hfi.£xfid;t and project half way 
but,, tlffCBijgh ft : round, hole in the . dial 
fdata uu':. i, ••■ • •. < !." '•-..-.."•!.• 
•„■. Tfaen,:.i£ the .wheel of 1 5 tceth.be 
always ">m[owd one toptfi in * 2 ihours^ 
the . ball will be turned. . round : in 2 9 
day*; 12 hoursr, 45: minutes, s and ihe vt 
all! the raridusjphafes qf*tke' Mount 
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^ «$/£ lAeihod of* 'Jhewing ' w& Stiris 
place in '-the Ecliptic - every day bf the 
r ' r ykarj- $n it clock', abd 'his motion round 
** - the* Elliptic- in a Solar-year. ■ •-■'-' i 
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- : Lcta ! pinion- of 1 2 leaves be turned 
tfflind 'once every tert hours, and t?hb 
pinioA take into a wheer of 67 teethj 
on whole -axis let -there' be a fingle 
threaded fcrevv taking into a wheel of' 
* 57' jefetfr* \ This" iaft wheel will tufa 
round in 365 -days, 5 fr. ^9 m. 50 fee. 
And an index on its axis will carry a 
Sun through -'th£ Whole' 360 degrees 
of • ati ecliptic,' engraver* on the dial 
plate "in the feme time S arid* may iQasW 

-'■ the 
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the days of the months on another cir- 
cle within the ecliptic". This was the. 
contrivance of Mr. Arnfhaw y near Man- 
chefier, who communicated it to me. 

* 
» 

flow to pew the periodical revolutions 
of the Earthy and all the other planets, 
' round the Sun* in a Clock, Jo as to 
agree nearly with the periodical revo-% 
lutions of the planets about the Sun in 
the Heavens. 

i 

Let fix hollow fockets, or arbors, be 
made to fit and turn within one ano- 
ther, and all of them to turn upon a 
fixt fpindle, or axis ; on the top of 
which let there be a ball to reprefent 
the Sun. Let the wideft arbor be the 
fhorteft, and have an arm on its up- 
permost end to carry a ball reprefenting 
Saturn, and a wheel of 206 teeth on its 
lower moll end. 

Let the next fized arbor be fb much 
longer than the above one, as to have 
a wheel (of 83 teeth) put upon it, be- 
low the wheel of 206 ; and an arm on 

S the 
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tj^&er end (above Satums) for cay- 
rying a ball to reprefent Ju niter. * 

Let the third focket Be fo mu f cn 


• lojnger than th§ fecpnd, as to have, a 
wheel on it (of 47 teeth) below the 
wheel of 20(5, and an arm on its other 
end, above Jupiter*s, for carrying a ball 
to reprefent Mars. 

£,et the fourth arbor be lb much 
longer than the 'third, as to have a 
, wheel (of 40 teeth) on its lower end, 
and an arm on its upper end, above 
jyiars's, for carrying a ball to reprefent 
tjie Eartfr. 

Let the fifth arbor be fo much longer 

. than the fourth, as to have a wheel 'jfof 

X2 teeth) on its lower, end, below the 

wheel of 40, and an arm on its upper 

end, above the Earth's, for carrying 1 a 

.. ]p3^\ to reprefent the planet Venus. 

X'et the fix th (which is the fmalleft) 

"xtfbor, be fo much longer than the fifth, 

. as„tq h av £ a , wheel (or 20 teeth] on its 

, lower end, * below the wheel of'. 33, 

aqd an arm on, its upper end, above 

. Venus s, 
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#enus% for "carrying a ball to VepVeietit 

" ^ he planet Mercury 1 . . ' " l * ' ' ! 

J Saturn's arm muft be the longeft of 

3U, becaufe that planet is the furtbeft 

of all from the Sun : Jupiter's the next 

longeft, Mars's the next, the Earth's the 

next, Venus's the next, and Mercury's 

;the next, or fhorteft of all, becaufe 

.Mercury is the neareft of all theplar 

•nets to the Sun. 

The wheels niuft be fixed on' their 

refpec'Hve arbors, and diminish in their 

iizes from the higheft numbers to the 

Joweft ; fo that, when they are a|l put 

"together, they .may form fomewhat of 

the appearance of a cone. 

, c . And, to give t-hefe wheels and planets 

their proper motions, they muft J he 

turned by fix wheels (or rather ", four 

^wheels and two pinions) all' fixed bn 

't#ne folid axis, in .a conical manner, 

"inverted with refpecY'to the otfeiix 

wheels ^ fp as the w f he|els . and 1 pinions 

^ T 6n the folid axis may J take into ,'tnbfe 

-on the arbors,and turn them. v 

':.'"■"'"■ S2 The 
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The folid axis, with nil" ate? w 
and pinions, will turn round r itr d»l 
fame tisane together, becatoferthe 
and 'pinions are .all fixed on the :kxtiy 
an4 muft be turned round i once ire ;al 
year, by the clock- work;, which. may? 
be eafily done by fuch a -method asiMca 
Jimfbaws, already mentioned. < I 

Then, if the uppermoft and finalldfc 
pinion on the axis has 7 leaves, tafcmff 
intfc Saturn's wheel of 206 teeth.; Sa* 
turn will be carried round the Sun; in; 
1074.8 days, 18 hours, 43 minutes: 
for, as 7 is to 206, fo is 365.25 tfcr 
40748.78. ■ : A 

If the next pinion on the axis (whtcU 
muft be of a bigger fize than the pinion* 
of 7 above it) has 7. leaves, and takes 
into Jupiter's wheel of 83 teeth; Ju- 
•piter will be carried round the Sua m 
4330 days,. 19 'hours, 40 minutes: {oty 
as 7 is to 83, fois 365.25'to 4330.&211J 

If. the wheel below . this pinioa on 

the axis has 2.5 • teeti^ and! takes mti$ 

Mars's wheel of. 4 7 ; Mars will he car^j 

cried round the Sua in 6#fi days, 16 

hours, 
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Jibuti, 5 duriittestf for, $* 25 is W 47> 

a ! jtf ? the,ntxt bigger wheel 4a 4&& &8% 
•which turns- round ih 36.5.25 <lays, 
•harjfo twth, and takes into 'the Earth's 
yfencl of 40 teeth; the Earth will ; be 
<cairied rotmd the Son in 365.25 clays. 

If the next bigger wheel has 52 tiagtfi, 
land' takes *nto Venus's wheel of 32 "-teeth;; 
'Vfcmiswiil be carried round tfafe SQtt-lft- 

21*4 days, r8 hours* 29 minutes: for, 

•a«52 is to 32, fo is 365.25 to 224.^'^ 

: And laftly, if the largeft wheel v 6ri 

'the ■* axis has 83 teeth, and- takes into 

Mereufy's wheel of 20; Mercury -will 
'fcfecsuried round the Sun ih 88 days, 
'cuhours, 14' minutes: for, as 8 3 is to 

2©jfo is 36,5.25 to 88«oi. 
' -uThsrc&en a calculation of 'this, (oft 
'in a printed book ; bat the 'tiuto&efs 
'Uaete are fo faulty for Mars and Saturn* 

that I was dbiiged <t»; alter. &£*nH "Sa- 
; turn's parjod being wirdrtg by "5*'i days.: 

How aseftr 1 thefe are to the trutlh Will Sffr 
i pear by sornparfng tbem with the l m^ 

dual per bdt in the foHo wing Table. 
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Ai-PROBLEM. 


\i 


5 .^' l 




!■*■ ^ 


i. 


$#Pfofc there are fix hands on the Dial- 
relate of a clocks all going round the; 
fame way ; and that the firfty or flow- 
; eft handy A, goes round in 24 hours \ 
the next Jloweft hand, B, in 2 2 hours ; 
the nexty C, in 20 hours \ the next> 
T>yin 18 ; the nexty E, in 16; and 
the lajly or fioiftefty F, in 14. hours: 
J ; 0W that they all fet off together y from 
\ a conjunBiofiy at any given point of the 
\ Dial- plate. Qu. in how many hours 
j ]■ afterward will they all be in ton- 
jun&ion again 9 and how. many r&vdu- 
i tions will each band have made in 
> that time? 


I Let ay by Cy 4± e y fy be the periodical 
! limes or revolutions of Ay By C, Z), J5* 
j Fy then, a 9 will be 24 hours, b 22 } C 
; go, d 18, e 1 6, and/ 14. 
: , I. The canon for- finding the time 
i fhat niuft elapfe between the cony 
'.- - junction* 


junctions qIA aM M>i9^, -~~, ^- f 
fequently all its multiples?) pix. %^ m 
j=J» ' JzJ &c. on ta ^i; whc^ m ii'atyjj 
^finite ntimbef' t>f conjunctions. ■ ; < ■ i 
i^or, if ^ and 2? are in cbnjuri&ioff? 
at the end of the time -ii; , 'tis evident 
they will be in conjun&ibn again when ! 
as much more time has elapfed ; ' and' 
fobri to infinity. ? 

2. The canori for finding the timesl 
between the conjunctions of B and O 
is £ and' all its multiples indefinitely* 

as iif 3**' Kr/» fvV »*' ' ' 7 

; An4 therefore, when ~ t or ips. niul-j 
tiple, is equal to ^ or its multiple* >A K 
S, aad Q will then be in conjunction 
again. For, by. the firft expretfion,.^ 
and J?. will be in conjunction; and jby 
the fecond, B and C will be fo t 
But the exprefjlons being equal, t 
times muft alfo be equal : chat is, 4 , . . 
and € will be in. conjunction again. 

3. The canon for finding the tjmcs 
between the conjimaious of C and p 
is jL y and all its multiples indefinitely, 



as 


<« ^bove. . And' theyefare^wheri any 

nwiltiple <£ the Cc*ijUt*8fck»f» dfl^iB, 

and C, » equd.wc^n^aiiikipte^f the 

■said D, Will be in jcoojoiiftton, igab. . . 
■4; The caion-.for.iittdiagthQ Ijimos 
between the conjunctions of ZXaWl <E 
it j^-', and <aH its ^multiple? ; and there* 

fore when any < multiple :*£ iShe! con- 
jun#iott»i o{ A r E^ G, iad,JJ^jh equal 
to any multiple of the conjunctions of 
i&lttJjEj then,.^, -B, AA frvi E, 
will be in coojun&loin. agpin, .; , , 
■ , 5-. Tibe canon; &>r Ending r .^ip. tidies 

between the conjunctions of £ x and ^ 
y^y+tod all ite'J&ultipIfs indefinitely; 
£rid therefore* wftfefl any 'multiple of the 
CQ0J«n&fc>n* 0f /& &i <7» & ;an4 -E, 4s 
etiual to any multiple, of the<^jun$io0s 

• \pt&sto&&A the hto4p.4t B t <$ t D\ 

#.af#:ft w& b§ again; in ; ^onjunc>top. 

4 The ♦ multiples TOuft all : be whoje 

numbers, and the leaftf that will .wrniift 

•'fretakefo $0 fifcdr the jtimes bW^eetf the 

.«•'•- •■'••-■ " • ' T' '• ♦•• •• - ■>, The. 


» , 
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i The (timqs between thecxmjqo£k>n$,flf 
,thefe. fi* hand* *aki»g thqoi .by,. S%? 
•and two, are as follows, . 4 . .,. .,f ?,a 

t s~*=?= 264; the number of: hours in 
which A. and -5 will come to their nex£ 
conjunction, after their firft fating out 
"iogether. . • ./ 

•■-- ^-^=220 1 the number of hours in 
which B and C will come to their next 
conjunction, after their firft letting out 

together. ■.'»_*. r ~ 

-^4=i8o: the number of hours in 

which C and D will come to their 'nc^t 

conjunction, after their firft fettmg Aut 

together. ,. ' f J 

.- -' •^ == t 4 4-; the number of hours in 

which Z> and '£ will come to; their 

next conjunction* after their firft fett^g 

"out together. And* r 'oi 

&*— 112: the number of hours, in 

which' J? and if. will come to ■. ihdrjugxt 

; conjunction, affct their firft fettina ctat 

together. ^ ,•-..«. ■< v ?.. a/ ~ 

c 'In working for luch, multiples/ (of 
integer numbers) as ' j^ffl,, map 7< &e 

above 


r %mrw0 wM &* 




AyB, and Q ivuXcome to thejr, next 
conjunction, . after their firft "letting out 
together. And 

, 1 320 .hours (the. f onjundion^pf A y 
B, aikTCT multiplied hy .3, is/equal to 
xffo hours (or j—j multiplied .by .22$ 
^qualto 390Q hours,: for t'he time of 
'the next conjun&ioa oi A-> ft C, ,an$ 
Z), after, their firft letting out toeetheiv 


**.***.* 


396Q hours (the conjun&ion of £> 

^Bi % and Z>) muftjplied by; 4, is .equal 

to j 44 hours (or ^) multiplied "'by 

ki t 10; equal to 15840. fyours* ferjhe 

kittle of the next 9orijuh ( &ion$f A, B, 

<€>, A and £, after tjieit'firft fetti^g out 

together. And : . y , £■■ 

■) 15840 hours (th« loft mentioned 

conjunction) multiplied by" 7, is equal 

T2 to 




I 


to zi? boucs (tbc corn WP^ipn «f£. and 
x> or ^) multiplied by 99QJ e^ual to 
1 10880 tours, trie time when, all th* 

Jbe in conjunction again, after, the v in- 
font' of their firlV fetting out; together, 



it the Tame way, ih tie time* at»ve 7 

mentioned., f , ' "'?"*./■' 

pfotf , as it wilj requite, I it o 1 ^ ft6u*s) 
tpr ; 4 t$o. days) tobrmg all tfeefafoiids 
togethet again* afte* their fiffffc&ins 
tout together; dividfe" i io$8d bjr *| 
ftouiSy the c time 4 of \4s going : tf tfutul '; 
fey a V tHe time of fl's gdtog*RitJafe 
by 30, the time of, Cs; by i.8 y tab 
ime of ifo; tgr i^i'* tfme° o£ S^ 
iftnd by ; 14; hours, the time tff f*i 
*oun<b\aiid the-qtiotietlts w4i : 
that *£ k&< raaAh4«6o r tekjterfo»^!B 

^795U9» /' 4U^»^' the «!&&$>< 
more revolutions of ea£h* x hacterj' : 
Witt «H be ia cofcjunttfeit aganj «*»* 
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has ''\t : -- nos?. ::••"' v; e."."] •"* .'. ^i i .cu« 
> jto <&0j# s . Mi pu pt mtcein &.liw «f 







. < : AHE»; iri tJ!ie v 'yeV ^W 1 r -"?^ L f 

;J$ik&*- of sfce^ik pliriftta: : ^^-«bb 
£tf£i Vtjbefeg! the. tongeft, .ar feunmis 

bod/tbefhorteft peSocLpf aft, vrjiich 
^» Mercury 'i* and; let: f&qfc rqp£ wqpi 
f$d- bg oqiialfco tlte di&treaccJDr ^ttime 
Ijl^vecn theiiwcccjcijmg GBonjuhdbni ; of 
any two, three, four^IlfiHS' afb them. 
!! 'Tw 
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'Tis evident that y, r, s (the multipfiS) 
muft be whole numbers; becaufe the 
numbers of conjun&ionsr are 1 (b. J i •; . 

The time between thd conjuntSpons 
/of the fifft twd is £L,='a; that ofthe 
jfirft three v is — , = #> (where' rf is 


«.4r 
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siny; pumbef affumed, to make j/'a 
wnole number) or, which is the &me> 

^- being .reduced to ftfc 

loweft denominator, q will be equal to 
the numerator of that/ fra&ioni \ 'In 
the feme * manner, r will be equal to 
the numerator of the fra&ion '.' ' fe- 

iuped to its. lowed dgnomijiator ; J wifl 
e equal to the numerator of the frac* 
tion — ^-* reduced to its loweft i$S- 

.^nominator ; and fo, on, from the (low- 
jeft to- the -tjuickeft revolving bod&Pih 
itlie fyftem : s by which means, the tkwss 
all their conjunctions may be- fotfft<& 

|!»Hlj; ' '• <* ' »' >s ....*>•': • »*'. .» , ' - ?llli«A 
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nlMmthedt+las; folirux ; firw&tc& Tata* 
Mig&kMv.mp generous friend iMn 
zrc.Jbbnfiord, Surgtcm in Brtfid* ■' i. 

n ^et vf, B, \C, D,E 9 F y iknd for jhc 
Jut planets* beginning with .Saturn, and 
gnaing with Mercury ; and <?, ,6, fr 
% jtf tyjy be the times of their periodical 
i involutions refpeclively. Then, by |i 
Jpown rule, the iyhodjqat." perib£ . Qr 
jcpr^un<&ibn, of A and B > will be; iKp 
jjme £1} anfl that of B and Q wflf'hlp 
~JX :. that of C and D will be ~ ; that 
_<jf p.aod E willhe^j. a^djthat of £ 


juod F will be ^£ . 


. i; ,JKovw it . is obvious, that A. and -Scan 
jjeccr be in,coDJuotfion butmJ:h£vtime 
r%!r>-i oe fome. nil ti pie of.it ^nci|b^rwbi 
JBjSndC be fniconjuo4tJoft-but in-' tile 
•tinfe^* or fome multiple of .that time. 
idjBj and C, -will 'therefore b£ in'.con- 
juiS&iotf wfeea ^ is equal to f^V where 





•ifrmttly m\#$i<$ into ££ ■ *&•& 

Jhal! make the two prcducV. equal 
Aikd tbcf« two numbers are eaftly dif* 
covered^ w, as by fuppofitidn/SJj is 
equal to iii, therefore, **.» ::*ii- :-££., 
[Reduce • therefore ~J- and -^4 into kit 
tegers of the leaft dimetifions (as mi- 
nutes, or fecontU of* time) wl^ica /fall 
have/ the feme proportibd to each other 
: te thefe; mimbere tave^i and you will 
We the multiples th and «, and cbri- 
fequentf y the iy nodical period or <x&i- 
junaiqn of ^, i^and C;, which We 
ftall call R. In the Tame manner may 
thefynodfcal period 'of 67, D y to£ M, 
be tnveftigated, which call tfi then 
£sd two prime '.numbers r and * in their 
lowc&.dimcrifians, which ihall hmt die 
fanie proportion to each other as ^ the 
timet & and S; then will r^ .«r..its 
tqpxd $r, give : the jfynodical period* ;^r 
cojyun&iDa o£ the five plar*i*s» >^ #, 
44 «j4 £, which ckraaerm ,^y 

fceffcby X; and the Iwft integer num- 
bers 



• -« -*• 

btrs >/,. Xi *in .. th^ fame proportion tQ 
eech other as T and X being fowid* 
f$T or #!Twill be the fvnodical period, 
or conjunction, of the. fix primary pla- 
nets, A* B, C, £), E, F j or the time 
that muft elapfe between any conjunc- 
tion of them all. and the next fucceed- 
tpg cbnjuh&iori. Which time, being 
divided by the time of the periodical 
f evolution of each planet, will fhcW 
how many- revolutions eaeh planet has 
then made. 

"There-are leveral ways of finding the 
^Boveimebticrfied prime integer numbers 
lor rnultipliers ; but the following is very 
convenient and eafy. '•■' ; 

^ -'Let -J- and -J- be two of the fractions. 

^Multiply the denominator of the firflk 
intd trie numerator of the fecond," and 
%ke ''toerfd's'. then ftrike out ~hdth* : i$fe 
: *denominatQW, v fy whfch^'procefe-^tKe 
'ffbc^fe tr at^ioTis beconxe' ad ahd f •&?; 
"WhfCh' ' frunrors ' 'are 'in the ; 'tarrie; tifa- 

*f ' : SST .**«-,' '/ f;-cf< '% a*' - $ Starr ^ S t*T* «r* « "^ 
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prim& -divide them by their greater! 
common divifor, in order to reduce 
them.to pheir loweft denomination. . ; : ": 

The reafoo why thefe numbers muft 
be. prime integers is plain: for, if the^ 
were not fo, wp (hould not have the 
fynodic period required, but fbme mulJ 
tiple of it : and if they were not. inte- 
gers, we fhonld not have exaft multi; 
pies of the lower fynodic periods from 
which we deduce the higher. 

To facilitate calculations which may 
be made on thefe principles, . I ■ (hall 
' fubjoin the following Table, which (hews 
the annual periods of the primary pla- 
nets^ reduced to hours; and their ffr 
nodical periods, taken two by two pro- 
greffively. But although the (ynodical 
periods of the, planets, taken two 'by 
two, is fo (hort, it muft not be im^^i-. 
ned that the fynodical periods of thfee 
planets mud be proportionably fo top. 
The. fynodic period of the Earth and 
Venus (by the Table) is I year, 2.1J8 
days, 1 7 hours ; and that of Ventis 
and Mercury is ^44. days,. 1.2. how^5 

but 


t 


r 


but the fy nodical period of thefe three 
planets is upwards of 5500 years. 

If the periods of three planets be fo 
incommenfurate, how much more' fo 
muft be the periods of the fix revolting 
primaries of our fyftem? Indeed we 
here cannot but fee and admire the 
wifdom and providence of the Supreme 
Being! For, had the times of thean-i 
nual revolutions of the feveral planets 
been more commenfurate, the prefent 
arrangement of our fyftem would doubt-* 
lefs have been greatly difturbed by the" 
qonfpiring attraction of the fix bodies, 
when they happened to be in conjunc- 
tion; an arrangement, which, from 
the goodnefs of the Almighty, w6 muft 
conclude to be, in its prefent ftate, the 
beft adapted to anfwer the purpofes for 
which the fyftem was created. 

Names of Their periodical revolutions 

the Planets. - — f— . . reduced to .hours. ' , 

"Salum 2.5822$*. =. a 

♦Jupiter — ' •••• ' -■ 103980. '=, '^ , 

.Mars. ' ^487 = c " 

fijtfth— ; — ' 8766 ■— 1= </ 
Venbs ■ .I* ■ .* • > » - IJ93 : '=^ '• 

JVlercury — — 2 m = f 

U a Their 


The^r fynodical periods, or conjunftio** with ' 

•;.•«"• • ejtffioti*. ■ r r.v//i;f 

/t'/" 1 Saturn and! y. -IP ■ a.- -"• j*«4iji 
I A Jupiter J 19 3<3 ;f<S*ei$iW 

///* Earth' andY 2l8 I7s=E i^'ic'--^ : "" : ' J/ ' 
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To illuftrate the ufe of this TaHe. 
Jet it be required to find the ty nodical 
period or conjunction of the Eartrj, 
Venus, and Mercury. . « 

That of the Earth and Venus 1 4615 
hours, =^; and that of, Venus' an! 
Mercury is 3468 hours, =^. 

, Therefore, from what has been .gl- 
*eap]y laid 4own (fee pag. 143), the (y>- 
nodical period of ther three planets 
will be when mx 14015 is equal to 
35x34685 qrwhen/fl:#:: 3468:14015; 
ih and n being the lead integer numbers 
in the proportion of 3468 to 140*1?^, 
^ut thefe miiflbei* being .integers, and 
- ■ ■ . . in 


X 2 49 3 

in their loweft terms, . already, they, 
require no i reduction.. Therefor^ 
3468x14015 give the jy nodical pe- 
riod of the three planets,F=486o4020 
hours; =?5544 years, 221 days,' '12. 
hours. The. reader may proceed to find 
out the fynodic periods or conjunctions 0/ 
the reft, according to the foregoing rules* 
The following problem is of thfc 
fame nature with this; but, as it is more 
familiar and obvious, it may better ferve 
to confirm the truth of the method we 

have ufed to investigate the iynodical 
period of bodies revolving the fame way, 
but in different times, about the fame 

"c ommon center. * * . 


til. 




ffappofe the hour > tninute, and fecond'-lsands 
~ 71 6f a Clock ta\be in conjunEikn $fr>'ibe 
lT " hour of XII. If is' required ■*>'-> f&d 
'" komn they will be in xonjuriBiort again? 

7 1 •< • 

aisnHere we have the periodical |e^o- 
Jution of the hour- bad ^Sf.aQ n^nu^es, 
bffB<f; the periodical . revolution, of the 

minute- 
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minute~hand= 60 minutes, • ==? b ;' • art*}' 
that of the fecond-hand == i n1in«ite[ , 
»vri from -Whence we 'collecT 7^ k \\ 
=#? min. = 7 ^ = 52 min. for the fyhW 

dical period or conjunction of the hour 
and minute hands:, and r^-=- for the 

fynodical period of the minute and. .fc 
eaad hands. . Then, to. find the. iyflo- 
dical period of all the three han,ds> w# 
muft (as in the above Problem) fuj>jppft 
V^.^'-Z—i from whence .we have 

«r:»::^:££. Now, the leaft integer 

numbers, reprefented by m and a, 1 to 
the proportion of- to ^ are 11 aiitj 

708. Therefore vt : 708 : : | : ?; aAll 

confequently 'igK "(= 708 x £) = t^e 

fynodical period of the three haads.fbf 
the .Clock; =720 rainutesi or juft.- ?p 

Jbours; •-,■;. A A-, 

. The periodical revolutions of the &Jn 
and Moon, round the Ecliptic, and 
their fynodical periods or conjunctions 
with each other,* may be familiarly re- 
prefented by the motions of the hour 

and 
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and minute, hands of a watch, round 
i&upiat-plate^ iFpr, . the.Dial-pkfce i* 
c)i#ided into .12 hours* as .the Eclipse 
is divided into 12 figns ; the hour-hand 
g^es round in ;2 hours, as the Sun 
does, in 12 months, and - the minute 
hand goes round in 1 hour, as the Moon 
does in (fomewhat lefs than) a montn. 
And, as the Moon never is in conjuno 1 
tibn with the Sun in that point of the 
Ecliptic where ihe was at the laft con- 
junction before, fo the minute-hand 
never is in conjunction with the hour- 
hand at that point of the Dial-plate 
where it was at the laft preceding con- 
junction. So that, the 1 2 hours on the 
JDial- plate may reprefent the 12 figns 
of the Ecliptic ; the hour-hand the Sun, 
and the minute-hand the Moon : only, 
•the? "motion of the minute-hand is' too 
(IdW for the Moon in proportion to 
that of the hour-hand compared #ith 
the motion of the Sun. For, in the 
time of ! the Sun's going "round J flie 
Ecliptic, Which is 12 calendar months, 
. there are 1 2 : 3 6 ; conjunctions of , ,the 
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Sun and Moon; but in* the time the 
hour- hand goes routed the Dial-plate, 
the minute-hand is only 1 1 times conr 
joined with it. 

Thefe hands are always in conjunction 
at XII o'clock. The firft column of 
the Table (hews the number of their 
conjunctions in 12 hours, and the col- 
lateral lines fhew in how many hours, 
minutes &c. after XII; they come to 
their, fucceeding conjunctions marked 
in the firft column; the time between 
any conjunction and the next being 
t hour, 5 i miuutes. 


o 
»5. 


t 

2 

3 

4 

5 
6 

7 


9 

10 

21 


Hou. m. ti tn iv t vi vit vnt ir < 


I 

II 
III 
1IH 

V 

VI 


5 27 li 21 

10 54 3* 43 
16 21 49 5 

2t"4? 5 27 


49 5 27 i<5 2t 

38. io; 54 32 43 
27 16 21 49- 5 
16 21 49 5 27 
5 27 16 21 49 


27 l6 21 49 

3 2 43 3 8 I0 54 3 a 43 3 8 *° 
VII 38 10 54 32 43 38 10 54 ja 

VIII 43 38 10 54 32 43 38 10 54 

IX 49 5 27 16 ix 49 5 a'7 - 'itf 

-5. 54 * 2 *3 3 8 'P 54 3 a 43 3 8 

XII OOOOOOOOO 


49 ".V 
27-4 

54-a 

43«- 
32y 

10S 


If the above pTOcefs was carried oft to infinity, in the horizontal 
Soft, the number* would circulate at emy fifth column. 

To 
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" !? To affi'ft'thfe imagihdtibn iii forming 
A* idea of the vaft diftances of the £la- 
rietd frbrti the Sun, let us fuppbfe, that 
a body proje&ed from the Sun, flidiild 
continue to fly with the fwiftnefs of a 
Caririon ball, viz.' 4&0 miles every hour; 
this body would reach the orbit of 
Mercury in 8 Julian' years, 276 days; 
6f Venus, in 1 6 years, 1 36 days ; of the 
Earth, in 22 years, 226 days; of Mars, 
in 34 years, 170 days; of Jupiter j in 
117 years, 234 days ; and tne orbit of 
Saturn, in 215 years and 286 days. 

If the reader (hould think this idea 
too extenfive (notwithftanding its being 
a juft one) he may contract it in the 
following manner, which takes in both 
the proportional bulks and diftances of 
trie Sun and Planets. 

The Dome of St. Paul's' is 145 :feet 
irr diameter., : Suppofe a globe of this 
fiee to reprefent the Sun : then, a globe 
of 9^ inches will reprefent Mercury ; 

one of 17 ^ inches, Venus ; one of 18 

/ 10 * . 

inches, the Earth ; one of 5 inches di- 
ameter, the Moon (whefe diftance from 

X the 
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the Earth is 240000 miles} one of 10 
inches, Mars ; one of 1 5 feet, Jupiter : 
and one of 114. feet, Saturn, with his ring 
four feet broad, and at the lame diftahce 
from his body, all around. 

In this proportion, fuppofe the Sun 
to be at St. Paul's ; then Mercury might 
be at the Tower of London ; Venus 
at St. James's Palace; the Earth at 
Marybone ; Mars at Kenfington ; Jut 
piter at Hampton-Court, and Saturn at 
Cliefden : all moving round the Cupola 
of St. Paul's as their common center. 


To reprefent the motions of Jupiter s four- 
Satellites round Jupiter, in a clock i 
and pew the times of their Eclipfes m 
Jupiter s Jhadow. . . i 

On four hollow arbors, let there bq 
four bent wires of different lengths, tfe 
carry the Satellites round Jupiter, a* 
the arbors ' are turned round within one- 
another; and Jet Jupiter be fixed oq 
the. top of a folid axis. QX , fpindje, on, 
which all the larkorp are turned round ^ 

the 


r 
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the wires being fo bent, as that the 
^Satellites, on their tops, maybe of the 
fame height with Jupiter's ball. The 
diameters of the Satellites mould not be 
above a fixth or feventh part of the 
diameter of Jupiter 5 and, to be at 
their proper distances from him, the 
diftance of the neareft Satellite mould 
be 5^ femidiameters of Jupiter from 
his center ; the fecond Satellite, 9 fe» 
midiameters of Jupiter diftant from his 
center; the third 144 femidiameters; 
anfi the fourth, 254 of his femidiame- 
ters from his center. 

Let four wheels of different fizes, 
and different numbers of teeth, be fixed 
upon the lower end of the abovemen- 
tioned arbors, in a conical manner, as 
defcribed in the former machine (pag. 
129); the wheel on the fmalleft arbor, 
that carries the flrft Satellite, having 2 2 
teeth; the wheel on the next arbor, 
that carries the fec6nd Satellite, , 33 
teeth; the next Hgger Wheel, on' the 
arbor that carries the^' third Satellite, 
4.3 teeth ; and the largeft wheel of all, 

X 2 on 


on the arbor that carries the fourth (j<i>r 
outermoft Satellite), 67: the biggeii 
wheel being the uppermoft, and the 
fmalleft the lowermoft. 

Thefe four wheels muft be turned by 
other, four, all fixt on a folid axis, in an 
inverted conical manner, with refpeft 
to the former wheels on the hollow 
arbors ; arid then, all the four on tta? 
folid axis will be turned round in one 
and the fame time. 

The fmalleft wheel (or uppermoft 
one) on this axis, muft have 28 teeth; 
and turn the wheel of 67 teeth, which 
carries the fourth Satellite. 

The next wheel on the axis muft 
have 42 teeth; and turn the wheel of 
43 teeth, which carries the third Sa-» 
tellite. 

The next bigger wheel below, oa 
the axis, muft have 65 teeth ; and 
turn the wheel of 33 teeth, which car- 
ries the fecond Satellite. And, 

The lowermoft, and biggeft wheel 
pn the axis, muft: have Sy teeth; and 

turn 


r 
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turn the wheel of 22, which' carries 
the firft Satellite. Then, 

If the clock turns the folid axis with 
all its wheeels round in 7 days, the firft 
Satellite will be carried round Jupiter 
in 1 day, 18 hours, 28 minutes, 57 
fecands ; the (econd Satellite, in 3 days, 
13 hours, 1 7 minutes, 46 feconds ; the 
third, in. 7 days, 3 hours, 59 minutes; 
54 feconds ; and the fourth Satellite in 
j 6 days, 18 hours, o minutes, o feconds; 
which agrees fo nearly with their re- 
volutions in the heavens, as not to differ 
fen&bly, in a long time, from them. 

And then, if a piece of black wood 
\te turned, a little conical in its fliape, 
having its thickeft end as broad as the 
diameter of Jupiter is long,' and be 
made hollow to fix on the back of Ju- 
piter, and have notches cut in it for 
the Satellites to pafs through : it will 
reprefent Jupiter's fhadow ; and when 
the Satellites are in the notches, it will 
{hew them to be eclipfed. 

The times of the immerfions of the 
Satellites of Jupiter into his fhadow, 

or 


or of their emerfions from it, niay be 
had from Whites Ephemeris every year*, 
and' if the Satellites are once put juft 
entering into the notches for the im- 
mOfions, or juft leaving it for the emer^ 
fions, at the proper times by the clock ; 
they will keep right to the times thereof 
fori more than a year afterward, without 
needing any new adjuftment. Ancf, 
in order that they may be fo fet, without 
afle&ing the wheels that move themi 
their wires mould be fixed into round 
collars, which go moderately tight oii 
the tops of the four hollow arbors, {6 
as they may be carried about Jupiter 
by the tightnefs of the collars; and yet 
at any time may be moved, and fet 
right by hand. - ' 

All the numbers of teeth in the r? 
wheels are here copied from Mr. MS-*' 
mep^s Satellite inftrument, except thole 
for the fecond Satellite; where 'Wc? v - 
Romer has a wheel of 63 teeth, turning 
a wheel of 32 : inftead of which, I make 
a wheel of 65 turn awheel of 33, which 
comes much nearer. the truth. 

About 
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About 1 6 years ago, I made one of 
theie inftruments, to be turned with a 
.winch by hand. It had a Dial-plate 
divided, into the months and days of 
the year, within which was a circle di- 
vided into twice twelve hours. On this 
Plate there Were two indexes, one o{ 
which was moved round, over all the 
365 days of the annual circle, in 365 
turns of the winch: and the other 
index was moved round, over all the 
24 hours, in one turn of the winch ; 
by, which means I could, in a very 
fljqrt time, (hew at what times of the 
days the Satellites would be eclipfed, 
throughout the whole year. And, after 
having the above numbers for the mo-, 
tions of the Satellites, any Clock-maker 
may eafily conftrud a machine of this 
fort; by which, the times of the Im- 
mqrfions or Emerfions of the Satellites 
may; ,be known before-hand, in order to 
be,. prepared for obferving them in the 
heavens. . 
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Htm to confiruB an Orrery for fhewittg 
the annual revolutions of Mercury, 
Venus i and the Earth, round the Sun, 
in their proper periodical times ; the 
Moons motion round the Earth, and 
y round her own axis, with all her dif- 
ferent Phafes : the motions of the Sun, 
Venus, and the Earth, round thiir 
refpeBroe axes ; the viciffhudes of Sea- 
Jons ; the retrogade motion of the nodes 
of the Moons Orbit ; with the times 
of all the New and Full Moons, mtd 
of all the Solar and Lunar Eclipfes. 

9 

Let a wheel of 6.12 inches, having 
74. teeth, be fixed on the axis of the 
handle or winch, and turn a wheel of 
1.80 inches diameter, having 32 teeth, 
which turns a wheel of 7 3 teeth, whofe 
diameter is 6. n inches; and, on the 
axis of this laft wheel let there be ohe 
of 32 teeth, of 1.80 inches diameter, 
turning a wheel of 162 teeth, whofe 
diameter is 8.97 inches ; and that 
wheel to turn two wheels of 32 teeth 

each , 


r 
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each, and diameter 1.80 inches. One 
of thefe la ft: wheels of 32 to have- a 
fmall wheel of 16 teeth on the top of 
its axis, turning another of the fame: 
number ..and fize, and that one to turn 
fuch another, on the top of whofe axis 
(inclining 234. degrees) is the Earth,' 
which turns round in the fame time a» 
the winch; each turn anfwering to 
24 hours. The Earth is covered half 
over. with a black cap, and turns freely 
round within the cap, whofe edge re- 
prefents the boundary of light and 
darknefs,. and ffrews the times of thfi 
[apparent] rifing. and letting of the' 
Sun, as the different places of the Earth 
emerge from below it, or go in under 

it 

.- !• . The other wheel ©f 3 2 teeth (turned 
by the forefaid wheel of 160) has an, 
index on its axis, which goes round a 
JDiai- plate of 24 hours, in the time the 
JEarth turns round its axis. The fame 
vih&d of 32 turns one of 64 teeth, 
whole diameter is ..3*60 inches, and 
turns a wheel of 30 teeth) 1.6 inches 
•:. .• Y diameter; 


diameter ; and on the. axis of this wfreel 
is a fiogle threaded fcrew* turning i$ 
wheel of 63 teeth, whofe diameter is* $- 
inches, and turns a wheel of 24 teetlpy 
1.23 inches diameter, which turn* a; 
wheel of 63 teeth, 3 inches diameter > 
which laft wheel carries the Moon round, 
her orbit in 27 days> 7 hours, 43 xni^ 
nutes, and from change to change, it* 
29 days, 12 hours, 45 minutes. Thq 
firft wheel of 63 teeth has an index oa 
the top of its axis, which goes roun4 
a circle divided into 2Qi equal parts inj 
the time of a Lunation: and (hews the 
Moon's age every day. . \ 

A fmall wheel of 20 teeth is fixed 
on a focket, . among the other work* 
below the Earth ; and by the bar t$a|! 
carries the Moon, a wheel hanging on, 
t&te bar, of 20 teeth, turns another of 
the fame number and fize, on whofe 
hollow axis is .the Moon's black cap, 
which always faces the Sun,, and fliews 
the Moon's phafijs, as £he turns . round 
he? axis, . wh^h -js within , the hollow - ; 
axisof her capf, , . - » . 

On 
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<!>n the axis of the winch is a* pihibh 
of 8 leaves, turning a wheel of 2$ teeth, 
which turns another of the fame num- 
ber, on whofe axis is a pinion of 7 
leaves, ~ parts of an inch in diameter, 

which turns a wheel of 69 teeth, whole 
<Warhetef 'is 4.12 inches, and has a pf- 
flion of 7 leaves on its axis, turning a 
wheel of 8 3 teeth, which is fixed to a 
frame that contains feveral of the above- % 
Mentioned wheels within it, and carries 
the Earth round the Sun in 365 days, 5 
!»burs, 48 minutes, 57 feconds. The 
cfiameter of the wheel of #3 teeth is 
6. 1 2 inches. 

On the axis of the laft mentioned 
wheel of 69 teeth, is a pinion of 10 
leaves, turning a. wheel of 73 teeth, 
#hofe diameter is 5.82 inches, and is 
fixed to a frame in which are feveral 
other wheels (to be defcribed by and by) 
afiid * carries Venus round the Sun in 
4£'$ days, 17 hours. ' 

1 ©ri the axis of the Forelaid wheel of 
6^ teeth h a wheel of 78, whofe dia- 
meter is 3.68 inches, and turns a wheel 
V? Y 2 of 


*nf 64 teeth j -whofe diameter H j 21 j>fo~ 
.cJmbj and ©n tlie ' top of whofe. axis' tee 
Stta is. placed ; theaxis incUnmg 74. de- 
grees, and the Sun turning* round 'by 
it in ['2 5 .days, '6 hours. v. 

In the center of the machine, beiow 
the , Sun, there are. three wheels fiacgd 
.oa the ftem, round which the whole 
work moves; the .ftem itfelf being 
fixed into the bottom of the bo* whidi 
contains die work. The lowermoft 6f 
thefe three wheels is 2.95 inches- in 
diameter, and contains 50 teeth, which 
take into the teeth of another wheel, * af 
the fame number and fize, and -this lad 
tyheel takes into the teeth of another of 
the fame number. and fize, for keeping 
the parallel ifm of the Earth's axis k» : its 
whole courfe round the Sun ; on which 
pa&allelifm, the whole variety of the Sea- 
ions depend. 

On- the afcis of the middfemoft! of 

: tihefe three wheels of 50 teeth, wj 

wheal of 59 j '(a Kttie bigger than the 

wfrwrof 50) which takes into a whael 

of 56 teeth (of a fomewhat fmaller fize) 

'* and 


&B& this> wheel of 56- moves' the Nodes. 

of the MxDohV orbit backward, through 
.all the figns and degrees of the Ecliptic 
;in k 8^ years. : • 

Above the fixed wheel oh 'the middle 
Jem, of 50 teeth, is a fixed" wheel of 
i.74, whofe diameter is 6.12 inches, -and 

takes into a pinion of 8 leaves^' on the 

top of whofe axis is a fmall wheel of 16 
; Seetb, turning another of the famchuh*- 

ber. -and fize, and that turning another of 
-,the fame number and fizealfo, on whole 

• « 

axis, inclining'' 75 degrees, Venus is turn- 
ed round in 24 days, 8 hours 5 which is 

. hav diufnal period, according to Bian- 

iehints obfervations. 

-,r. Above the faid wheel of 74 teeth, 

.and fixed on the fame ftem, is a wheel 
ioiraB, whofe diameter is 1.74 inches; 

.this wheel takes into the teeth ^ano- 
ther of the fame number and fize, 
.which takes into a third of the feme 

. number and fize alfo ; . and this third 
wheel keeps the parallelifm of Venus's 
*r#is-,throughout her whole annual period 
toAind the Sua - . • *:• 

</:.', On 
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. On the -axis i of the iflwddlemofeiaf 
the/e tjiree wheels, of ,a8,te4th £*>c*nari 
ifosf ; of the fame number; and<.&& 
wj-jicn turns a wheel of 1 8 teeth, where 
. deleter js i . 1 2 inches, and which turtw 
artojher of the. fame, number and CizA) 
- w f hie h carries Mercury round the Suit 
,in t 87 days, 23 hours. . . -.jv 

• Any perfon who is not accuftamed 
.t,p the making of Orreries may perhaps 
be apt to think, that all the abovenaeok 
tioned. mptions niight be performed, bjn 
fewer wheels ; and an expert Clocks 
jrjnaker, by computing the . periodic 
cal times of the planets revolution* 
from the numbers of teeth in thefo 
wheels, might pronounce them to faei 
■\ery inaccurate. But it ought to bea 
cpnfidered, that there is a very grilab 
diSerence between the rotatipns.of wheeb* 
which always Jfeep in the feme plaoefc} 
andj pf . thofe which dp npt . only tumi 
round, but are alio carried round others! 
continually changing their. places a*w£ 
jidfitions. As.j I wanted an Orrery rponri 
exacl: jn the annual period^ of tht plain 

nets, 
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nets, and motion of the Moon round 
her orbit, than any one I have yet feeri ; 
the common Orreries being more ad4pt> 
od fdr reading public lectures upton 'j 
where it is fufficient to (hew and e&plaitf 
the general phenomena; the maker* 
generally content themfelves with pa- 
ving fuch numbers as will carry the 
Earth round the Sun in 36$ of its di- 
urnal rotations, the Moon round from! 
change to change in 29^ days, and her* 
nodes round the Ecliptic in 1 ^ years ; 
i iiave taken the pains to calculate the 
abovementioned numbers, which are far 
more exacl ; and got a good workman 
fib make an Orrery under my infpeclion, 
ind which the diameters of the wheels, 
and their numbers of teeth are exaaly 
cJefcribed ; and which I now give freely 
to.thofe who choofe to work by them. 
The fiaan whd made this Orrery had 
never made any thing of the kind be- 
foneyi.'and he is now dead. An irige- 
r&cnjs and iwbrrthy ladfv has it how in 
JiW'fjpofiefllori, [ whoie 'father was one 'or* 
my <firft ; and" heft frierlds in London '. '"' 
-21 Another 
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Another Orrery.- . tn . iC j 

• » 
About twelve years ago, I made .a' ' 

large wooden Orrery, For fhewirig onjy 
the motions of the Earth and Modin, 
with the retrograde motions of her nodes^ 
aiid the phenomena arifing from ' JuT 
their motions. The Earth had not its 
diurnal and annual motions carried on, 
by means of a winch, but by handV 
and as the Earth was moved round the 
Sun, the Moon was carried round the\ 
Earth in her orbit, and her nodes baa 
their retrograde motions. As there is 
fomething very particular and {imple/ In 
the conftruclion of this machine ; and . 
as the Moon's motion in it will not varV 
above one degree from the truth in 30I 
yearsj and as it anfwers as well in, Leap 
ysears 2s in common years ; and has pnta" 
feyen wheals and one pinion in 'ity\t 
fhall here mentiph its ufe,'but'muft'fieg 
to be excused from defcrlbing the.'poy 
ifition of jts. wheels, and their numbers 
of teeth, becaufe I in.tend to inftruclr my 

fon, 
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fbn, if -both 'he and- 1 live till the pro- 
per time, how to make it for his own 
benefit. Befides, it would be very dif- 
ficult to .make it intelligible by a )de- 
fcription,! without feeing it; ejpeciajly 
as iorae of the wheels are not only di- 
vided into very uncommon numbers of, 
t^eth, but alfo that,;, fii. fome of the,, 
wheels, equal numbers of teeth are coarr 
tamed in unequal fpjaees; for (hewing 
the inequality of the Earth's annual mo- 
tion round the Sun, and of the t Moon's . 
motion round her orbit. It fhe ws the 
fpllowing matters very readily. 

The lengths of days and nights at 
all places- of the Earth, and at all times 
qF the year;, with all. the viciffitudes of 
Sealons. The Sun's place in the JEclip- 
tic on any given day of the . year ? and 
time of the day; with his Declination, 
Altitude, and Azimuth at any time j r 
alfo his Amplitude, and the time of hisj 
nfiipg. and fetting. The, time of <the t 
Gay, by the obferyed Altitude or Azi- 
. muth of the $un. The variation of the 
compafs, , in any place, whofe latitude is 
■ \ ' . Z known, 


known, by a fingle obfervatian of rite? 
Sun's Altitude,' taken- at any time, eithfft 
in the Forenoon or Afternoon. The* 
Moon's periodical and tynodacal revo* 
lutlon, with her rotation on her axisy 
and- different phafes. The* retrogade 
motion of her Nodes, and direct motion 
of her Apogee* : Her mean Anomaly 
and elliptic Equation, by which hof 
true place in her Orbit is very nearly 
found at any time. Her Latitude, De- 
clination, Altitude, and Aztrnuth, at 
any time when (he is above the hori- 
zon. Her Amplitude, and the time of 
her rifing and fetting, however affeded 
by her Latitude. The times of all the 
New and Full Moons, and of all the 
Solar and Lunar Eclipfes, within the 
limits of 6000 years before or after the 
Ghriftian JEra; with an eafy method 
of rectifying the Machine, in lefs than- 
two minutes of time, for the beginning 
of any given year within thefe limits ; 
and when it is once re&ified, it will 
keep right for 304 years either back,? 
wards or forwards j at the end of wH$J» 

time, 
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time, die Moon muft be let one degree; 
forward in her orbit. The fmall dif- 
ference in the time of the Mood's » ri* 
fing, in Harveft, throughout the week 
m which * flie is Full ; and the great dif- 
fcreoce in the time of her fetting during 
that week. The Receffion of the Equi- 
no&ial points, in the Ecliptic. The 
Hienomena of the Tides, and the caufes 
of many apparent irregularities in their 
heights, and times of ebbing ami 
lowing. 

The Mechanical Paradox. 

This is a fmall kind of Orrery, which 
I' Contrived and made about fifteen years 
ago. It has only five wheels, and (hews 
trre Seafons, the retrograde motion of the 
Moon's Nodes, and the mean times of 
fifelipfes of the Sun and Moon. I gave 
itf'the above name, becaufe there is one 
wlieel in it as thick as three of the 
others; and that wheel takes fairly fend 
etjually deep into the teeth of thefe three 
Btfier wheels (which are quite indepen- 
- ;f Z2 dent 
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dcrit of, . and unconnedled with,- cacb«- 
thcr) j and yet, the thick wheel affeclalbe 
three wheels in fuch a manner, aodi^t 
the fame time, as to turn the uppecouOtft 
of them forward, the middlemoft back- 
ward, and the lowermoft no way. at-all. 
For a Copper-plate, of this machine, 
with a printed defcription in whkh'the 
paradox is folved, I refer the reader to 
a Shilling Pamphlet, fold at Mr. Cadell's 
Shop, , oppofite Catherine .Street in the 
Strand. 


A Jhort account of the Silk Mills at Derby. 

In thefe Mills are 26586 wheels,. and 
97746 movements, continually working 
except on Sundays. This grand ma- 
chine is difpofed in four ftofies of large 
rooms above one another; and. the 
whole is actuated by one great Water- 
wheel, which goes round three limes 
in a minute. In each time of its going 
round, 73 7 2$ yards of ^ilkafe ,t wafted : 
fothat, in 24 hours, 318504960 yards 

are 


arc twifted; The Water-wheel is kept 
conftantly going; but on Sundays --it- is 
difengaged from all the reft of the work. 
Any part of thefe movements may be 
ftopt without the leaft prejudice or in- 
• terruption to the reft. 

Wondrous Machine ! Thy curious Fabric (hews 
, How far the power of human wifdom goes ! 
Where many thoufand movements all attend 
' : Upon a wheel, and on that Caufe depend. 
• Sceptic, advance ! propofe thy fchcme of wit, 
That faith to reafon always mull fubmit. 
Whence learn'd thefe movements to obey command ?* 
Who taught them how to roll, and when to ftarid ? 
Was it by chance this curious fabric came I 
Or did fome thought precede, and rule the Frame ? 
Worthy the Mortal, on whofe Soul, confeft, 
r . His Great Creator's Image ftands imprcft I v 
Now turn from Earth to Heaven thy doubting eyes, 
:", '' '* And read th* amazing Glories of the Skies ! 
>. . Worlds without number roll in different Spheres,, 
, ~ Keep to their Seafons, and complete their years. 
* Five thoufand circuits, made with equal force, 
K The Earth has finifh'd by its innnal Courfe. 
"^*The Sun difperifes beams of genial- Light, 
'-. -!V And fcjijis hisuys. t*o cheer the gloomy, night. .... 
Sl I , Y STUPfiN9pu& Poww.and Thought! Enquire no 


more : 


"Own the First mo! er j and, convinced, Aoottt. 

Rules 


r [ '74 ] 

Rules for finding the cor raf ponding yea&s 
of the Julian Period with the year iaf 

'the world, and years before and finc& 
the birth of Ch&i&t ; fuppofing (with 
"Mr. Bedford, in bis Scripture Chrk 
nology) that the Creation of the World* 
was in. the 706th year of the Julian 
Period y and that the birth of GhiIS* 
was (according to the vulgar JEr$ 
thereof) in the 47 i^th year of the 
Julian Period* 

'■' . " . . / ■ 

, * ...... 

From any given year of the Julian 
period fubtraa 706, and the remainder 
will be the years of the world's age. 

If the number of the given year of 
the Julian "period be lefs than 4713J 
fubtrad irfrom 4713 ; and the remain- 
der will be the number of years before 
the year of ChrifFs birth. 

If the given year of the Julian rid 
riod is greater than 3967, fubtrad 3967 
from it; and the remainder will be tflje 
nurnber of years after the famous JEra 
of JVahonaJfar, 

Subtraft 


J 
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Subtract i. from any given year of 
the Julian period, and divide the xdr 
BaainJder by 4; if nothing remains, the 
given year is a Leap-year ; but if l, 2> 
or 3 remains, it is the firft, fecond, or 
third year after Leap-year, in the Old 
Stile. 

If any year before the year of Chrift's 
hirth be given, fubtra& its number from 
4713, and the remainder will be the 
year of the Julian period. And if you 
fubtract the faid' given year from 40*07, 
the remainder \yill be the years of the 
world's age. 

., If any year after the year of Chrift's 
birth be given, ^dd 4713 to it, and the 
fum will be the year of the Julian pe- 
riod; or if you add 4007 to it, the 
fum will be the years of the worlds 
age. • , 

If any year of the world's age is 
given, add 706 to it, and the fum will 
b$ . t;he year of. the Julian period* If 
j$e '. given year of the w.orld be , !e js 
than 4007, fubtrad it „. from 4007; 
and the remainder will be the number 

<V" of 
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of yeafs beforej the year of Chnft's 
birth; But, if 'the given year vof ^the 
Worlcl be more ttian 4007, fubtraft 400$ 
jfrom*it j and th* remainder will be jthe 
tiumber of years after the year 6f ChrjftH 
birth* . . . •*- -.'• 


and- 
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1. The Creation of the World 
; x. The Flood — -± — 
' 3. The AJjyrian monarchy founded 
by Nimrod J- ~r — 
4. The birlfh of Abraham — 
% 5* The deftru&pn of &<&/* and 
\ • Gomorrah — — — 
! 6.. The kingdom of Jthtms founded 

by Cecrofs — •— 

; yi M<j£/ receives the ten Command- 
ments from God — 
8, THe jyrtffZr /center. Qgnaan 
9» * Tlje deftruftion of ?r^ — * 
o, : THe beginning of king David's 
reign .-— 5 — 

'ii.TJe founding of Solomon** 
j| T|mple 4 — H-' -!*- 
I 1 a,.;- Tie Afgmattic Expedition 
j 13. Ljkwrgus formed h|s excellent 
* . -Law* i— * * .1. 1 — 

- 14. Ai&aces, fira kingofthe jfcftab * 
! xc* jkaz»jfe«*w, the fecond 
? 10. Setarmus, thje third I .*** ' ' ' 
\ \fn Tjie* tbegiifning-< off the Grnk 
~ mfiiads \ — 


10, 


\ 


\ \%, Ahifaf thej foqo)i fcing of t^e 
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• JjpJ The VaVJnlak%f&cla kf the buildf- 

"ingofitowr. j*^ — 
fb t T^9 .£&* oiKdtonaJar 
21. The deflmAian df Samaria by 
** : Sahnatujfr " — ' — 

*2, x Th£ firft &%& of the Mopn. 

" on record — — 
23. Cdrdkm x tl*e fifth king of tie 

Af«fcr — — 

,24. Pltrabrtti, the fix A — 

* 2 $ • Cyaxarts, the feventn — 
[26. The firft Bkbhynijh captivity by 

27. The long war ended between the 
f „ Afe&r and Lydians — . 
.3JU The fezqn&Jialyfotity captivity, 
, ! "' ■ and birth of Cjw — 
iaj. I The ,deftri*ftioa <if $oUmon\. 
temple — —- x T 

. 30. Netuck&frtszkarJiT.uck with oiad- 
. jiefs. — *. _ — _ 

#31. DdktePl vifion of the four mo* 

. .nafchjes — — 

•jjjt. £k«* begins to reign, ..— 

33. The batfle diUarathm — 

34. Artaxtrxts Lvngtmants begins to 
reigit — . — -— « . 

.^35, The beginning of Daniel's ie- 
/ venty weeks of years — 
go; The beginning of the PeLpon* 
nefianw 1— 


Period. , Age. r 


•Jflfitn 


I961 
390? 


World'* 


Jttf 

201 


3* 
399a I 3386 


J99S 

3996 

4058 
4080 


4107 
41 1 1 

r.4 1 h 

4125 
4*44 




J37. AU*andit\ viftory at utfr^/a 
J38. His death ^ — ; _ 
3^. The captivity of iboooo Jew* 


4282. 

4383 

I439P 


by king Ptokmy *— — +4393 
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v ; . time of bis Crucifixion proved to 6$ jt& 


• » . ' 


, Concerning the time of our Savioujt* 
entering upon his public miniftry (whiefe 
may be called the time of his appearanefy ' 
becaufe, till then, he was not publicly 
known, fo as te be talked of), and aMp 
concerning the time of his death, there 
is a very remarkable prophefy in the 
IXth chapter of the book of Dankk 
from the 24th verfe to the end; which 
is in our Englifh Translation as follows 
Ver. 24. Seventy weeks are determine 
ed upon thy people, and upon thy Jnfy 
city, to finijh the tranjgreffim, -and^M 
make an end of fins, and to make rece/tt 
dftffiwfor iniquity, and to king in eVer- 
hMm ri gbteoufnj!fs y and tp feal uf> £tf 
vtjjon and Qrqphefy, and to anoint . ij% 

.v .25- &m *iffi$ re <w& w&ffinA* 

tty& from the going forth of the 

command* 


J 


r - ■ * 
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commandjtnent to refiore and build %- 
^ufdleth, ^nfb the Mefjiah the prince, fall 
be f even weeks; and thre&fcore and two 
tieeh the ' flreet fhall be built again, ' and 
the wall, even in troublous times. 

2t> t dnd after threefcore and two 
"weeks fhall Mefjiah be cut off, but not for 
hinfyelf: and the people of the prince that 
fhall come, fhall defiroy the pity and the 
fanEluary, and the end thereof fhall fe 
with a flood, and unto the end of the "war 
defections are determined. 

27. j4nd he Jhall confirm the covenant 
with many for one week: and m the midft 
tf the week he fball caufe the facrtfices 
<wd oblations to ceafe, and for the oyer- 
Jbreading of abomination he fhall make 
H defolate t even until the cmfummktionj 
and that determined Jkajl be poured yp'm 
toedefome, • ..-.;• 

In the Hebrew, there are go ftpos 

nor pojQungp to. any wpf&'.'cif {£ "" 

.'<&;• ^nd in tfee. ztyye ' t^(fetipjj;^e 

part of ifo .fc5& Vfdc .^jpj^ljgpw- 
Sufly pointed with a feim-cdlon 4 atJ&?fg# 
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tetf^w.j which ought to run \ thus* .A?^ 
vfeeks and threefcore and two weeks. . „ " 
. In 'the 24th verfe, what we have fcen^ 
dered prophecy, is prophet in the original; 
and in Tome translations, which I have 
procured from thofe who underftand th 
pebrew very well, inftead of vifim am 
f>fophejy> it is rendered yifions and j>ro- 
phets. .-.^ 

In vei*. 2 7. where we have it tii 
«*/<$# 0/* M* week, all the tranflations 4 
have procured render it the half pty£ 
of the week', which may be taken either 
for the firfr. or laft half part of it. 

In the fame verfe, where we have it 

^And he pall confirm the Covenant wj$b 

many for one week; fome tranflati 

render it And ,m one week a coveqad 

fbaUbe confirmed with many. Now lc£ 

vtlje whole be put together agreeable, Jtp 

this tranflation, without dividing it into 

different verfes (which is only of modem 

invention) but pointing it" here and there 

for the fake of reading y and it will, run 

thus. " • • v ••• -. -■",;■: ■ v- 

Seventy 


* < 
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Seventy, weeks, (ire determined upon, thy 

people and)hy holy city to finifh the tranfi- 

greffions and to, make an end of fins \ and 

fo make reconciliation for iniquity \ and tp 

bring in everlafiing righteoufnefi 9 and 

iofeal up the vifions and prophets;' und 

to anoint the mofi holy *. Know therefore^ 

and underfland) that from the going 

forth of the commandment to refiore and 

Build Jerufalem x unto the Mejftah the 

prince^ Jhall befeven weeks and ihrefcqre 

and two weeks: the flreet (hall be built 

bur din* arid the wall even inf. troublous 

WHes.. Arid after threefcore and two 

weeks Jhall Mejftah be cut ojf 9 but: not for 

%mfelf. * (Arid- the people of the, prince 

that Jhall come Jhall defircy the city and 

Jari&uary, and the end thereof Jhall be 

with a food; and unto the end of the 

war dejolatioris are determined)* And in 

f one week a covenant fhall be confirmed 

*with many* and in half pari of the week 

r tfift pall dbolijh the jacrifices and cffer r 

* Some tranflate this, the holy of holies y and Mf. 
PfctVer, the very 'holy one. -"**■'■',• * 

f By mod tranflators, in the ftraxtnefs of times. 
, J TheMcffiah. 
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'■imf' dud 1 for the 6verfpreadingX.l^ ni 
.abGtttirtatiffis'bcjhall make dejolate ewi^ 

unto 'Cbnfuming\ and that which if detlfc 
.minedfoall be poured upon the defolate. -. iVjfti 
'Tis evident, that the . firft part ,pC 

this prdphefy relates to the coming pi,. 

Chrin:; to his being put to death, not-. 

for himfelf) ijtit for the fins of mankind,. 

by which great facrifice he was to put., 

an end to all other ftcrifices *nd of->? 

ferings; to his thtfoducing the righte-^ 

otffhefs of ages, and fealirig. up (or putting. 


an end td) pfdphefies. And that tafi 
Rafter part mentidns the deftru&idn. of.. 
'Jertifalerh* in a very emphatic and foilj^ 
;mg manner.' ' \- : - 

. u Iii tile feventh chapter of Ezra, ^we., 
have ah account of a very ample \ afjaV 
fiill cdtiiniiffiidn (or commahdmecftj^ 
which was given by king, Artaxerx^r. 
(who was called Artaxerxes LongimaQupji 
to Ezra, td go up to jerufalem, in onjjfjr-, 
to" repair that city, arid reftore the ffaijq.? 
of the JeWs; and that Ezra tod^ :$? 


* Wing \% the Hebrgw. 

journey 





m:<m the 14* day bf that: , 
month frecfconect frbin the New 1 S|tx&j' 
itf>6i^ the Itobhth V^n) ihe paftbver 
wits' always kept ; for Jofephui* expfeflly 
{a*^; " Tfcci jSaffdver Was kept, oh th>. 
** * * 4th day of the montti Ntjfafiy according 
'•**& the Mootj, whert the Sort was ia 
« r Anesf* " Anil the'Sutf always eWeri 
die figfc Aries at the tihte of the Vetnifl 
ee^oirittx; ' ' .. ti 

*%k cofniiiandfeeht Was gjiveii in fjie 
yth ^ear of Artaxerlceii reigri, ih&.that 
y6ar (afccdrdihg to* Ptblemys cation, the 
rectitude of which was fcarce ever called 
In^ueftion) was the 1 4256th year ofthe 
Jvftfan period j and frorh the venial eqiii- 
nb^^h -fnat year, we are to' coiirrt ►tne. 
afcoVe-thentioned feventy weeks to the 
death of' Chrift* For j as the* accoin- 
Bjtterjfe of the propheft mtift end mfa 
tHe^atiiatibri dt fiti, we cannot fuppbfe 


ypc\ 


w&k 

*, ti& k ftp. jo." ' 

B b But, 
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; Butajif we count: rnaay revolutions of 
70 •common w^eks, from tjie tijqn^ r ^f 
th$, JfiWifh pafloyer in • the year ..o£/t4? 
Julian, period 4.?^ -we .&aiyjnd &$ 
no Median or ■. Saviour did appear gft 
the &rth. within that fpace: j0 £ %e,| 
nor will thefe reckonings l$ad us frQi$ 
one Paffqver to another. And it js cer{a#), 
Irom the four Gofpels, that Ghrift wjts 
crucified at the time of the Paflbvfici 
and St. y<?i6», chap r ,xviii. ver. 28. ifc,fe 
particular, as to inform us that pur SaV 
viour was crucified on the very daytJ&at 
the. Faflover was to be eaten by thg Jew% 
who, would not defile thernf? lyes ,. far 
mixing withthe multitude nearly, in •£$? 
morning, , at the time of his trials ■ nr 
JFrptn thefe circumftances it is plain, th# 
thele -prophetic weeks meai*..:fomef:fcjgg 
.very diferenjt from the weeks by wk#£ 
,we commonly reckon. , T1 ;/.,;. 

; In the Old, Teftament, :we, read,-.<^ 
week^s of years,, as jwell as weeks < of dayp. 
For, . as every. fev#ith;day was'to ^be^a 
fabbatfc. foreman, an which jie wa&vt© 
reft from his labour ; (a every feve^h 

year 


1 -■ 


# * 


* ' 

year was to be a fabbath for the land, 
iii which it was to reft from tillage. 
Let us therefore take thefe 70 weeks to 
lie weeks of years, making 490 years 
in all; and the reckoning will lead us 
from the Paflbver in the year of the 
Julian period 4256, to the Paflbver in 
the year 4746, which was the 33d 
year of our Saviour's age, accounted 
from the vulgar sera of his birth. 
• v It is exprefsly foretold in this pro- 
priety, that from the time of the com - 
mandment's being given out to reftore 
and build Jerufalem, to the Mefliah 
the prince, (or to the time of his appear- 
ing in his public character) there would 
be feven weeks and threefcore and two 
weeks; or 69 weeks in all: the firft 
feven of which, being the ftraiteflr or 
fhorteft of the times, confirming of 49 
years, we may very well allot to the 
repairing of Jerufalem; after' which, 
there' fhould be threefcore* and two 
weeks, or 434 years, to the public ap- 
pearance of the Mefliah; 'and then 
tftere remained only' one week-, or feven 

B b 2 years, 
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jw&rs, for. the public- miniftty ; jwhifch,. 
I apprehend, is meant by confirming 
the covenant with many, -'{ 

But as Tome of the Translations which 
I ha#e procured, fay, concerning that 
week, And in me week a covenant jhall 
he confirmed with many?} and all of them 
have it, and in half part of the week 
(which might be either the firft or laft 
half o( it) he jhall aholifh the facrifices 
and offerings i it does not appear that 
the Meffiah is brought in fox the whole 
of the feventieth week, but only for one 
half of it, in confirming (or eftablilhing) 
the new and everlafting covenant of the 
Gofpel; by which, the righteou/hefs of 
ages, mentioned in the firft verfe r of 
the prophefy, feems to be plainly meant. 

And- when wecon£der, that Christ's 
me/Ienger, John the Baptift, preached 
fo long before Chrift took the public 
ministry upon himfelf, as that he. acr 
quired great ,f$me in many countries 
around, which cou^d.npt be dp.qe in $ 
fliort time, we may believe that the 
laft verfc of.the^prQpheiy allots the nrft 

J half 




half pf the fevcijtieth week (or tJwee 
yea^s. aiid an half) to the time of John\ 
preaching.; at the end of which time 
he baptized Chrift, who. was thed.en- 
teriog into the ' thirtieth year of his. age 
(according to St. Luke) and then Ghrift 
took his public miniftry, upon himielf 
for the remaining half of the feventieth 
week : at the end of which he was cut 

* ■ 

qff by the wicked and felf-hardened 
. Jcwsi an4 fo put a virtual, end to all 
their facrifices and offerings; which 
finally ended with the deftrudKon of their 
city. and temple about 37 years after. 

So that* in the firft place* taking the 
whole of the prophefy together* as in 
ver. 2.J5, and then dividing it. into four 
different periods or parts as above men* 
tioned ; it will very naturally run thus, 

-From the time of Euro's receiving the com- 1 w - v 

maiidihent to repair jerufalem, until the > WC * IU - Yca "' 
^pxpiat^onoJSin by Christ . ~ . J 7° 9* 49° 

¥at4h£time of thefe repairs - 

From the finifhing o/ thefe repairs to the 1 
* - coming ofC h Ri s r by his tneffehgeryobm V 
theBaptift . . — • r • ?■■ ■ \ # # J 

From that time to th^ 'end of Joints mini- 

;$*y,, ami the hsprifoof Christ >* . 
From thence to the end of Christ's mini- 
^. iffy, bptusdtaik ftp thcCrofs >■ ; ■ > 

In all — - 70 or 490 


\ 


7 

or 

49 

' 6* 

or 

434 

' 1 

:* 

or 

■ 3i 

i 

or 

3f 
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c "For a very full illuftration of this 
matter, I refer the reader to Dr.- Pri- 
deaux\ Connexion of the hiftories of 
the Old and New Teftament. 

The beginning of thefe feventy weeks 
of years being found to* be the year of 
the Julian period 4256, at the time 
of the Jewifh Paflbver, their ending mud 
have been at the Paflbver in the year of 
the Julian period 4746, in the- 33d 
year, after the year of Chrifl's birth ; 
and confequently, according to this 
prophefy, our Saviour was crucified in 
the '4746th year of the Julian period. 

'Tis plain from all the four Gofpels, 
that the Crucifixion was on a Friday ; 
becaufe it was on the day next before 
the Jewifti Sabbath ; and, as above men- 
tioned, on the day the Paflbver was to 
be eaten (at leaft) by many of the Jews. 

The Jewifh year confifted of twelve 
months, as meafured by the Moon, which 
contains 3 5 4* days; to which they either 
added 1 1 days every year, in order to 
make their yeals keep pace with the 
SiinYcourfe of 365 days ; or 30 days in 

— three 


r 

three years. So - that, ahhough * theift 
months ,were Lunar, their, , years .were 
Solar. And they always -tele^fatejfrfliqi 
PaflQver on the fourteenth; day of v t\ft 
nr ft Lunar month, reckoning from : ;$l|fc 
firft time of their feeing the Ne,w MgoiT; 
which, efpecially . at that time of .tJpj^. 
year, might be. when (he was, abopt 34, 
hours old : and consequently. their ijbuc? 
teenth day of the month fell uponthfe 
day of Fu|lMoon; and, according jt$ 
jfyfepAuSy they always kept ; ther Paflqyer 
at, the time of the Full Moon next a/t§$ 
the vernal equinox. •••"• • ;- a vj r# 

But the Full Moon day on whicfo 
our Saviour was crucified fell on Friday N 
And as 1 2 Lunar months want 1 1 day$ 
of 12 Solar months, the Paflbver Full 
A^oons (as well as all others) fal} n^d^vf 
back .every year ; which being more thga 
a week, by four, days, makes iti that, 
in a few neighbouring years, there pan,? 
not be two Paflbver Full Moons on the 
fame day of the .week, .And when this 
anticipation would haye made the Paflbf 
•,Y£r Full Moon fall before ; the equi r 
. , noclial 




t *$* ] 

floral day, they Jet it a whole rnontn 
forward, to have it at the firft Full 
Moon after the vernal Equinox ; whicli 
puts it off the fame day of the week 
again. 

The difpute athong chronologers, 
about the year of our Saviour's cruci 
fixion, is Kmited within four or Gv$ 
years at moft. And it certainly was id . . 
&fc year in which the Paflbver Full teori 
fell on a Friday. .'".,' . 

And I find, by calculation, that the 
only Paflbver Full Moon which fell on 
a Friday, from the 20th year after ouf 
Saviour's birth to the 40th, was in the 
4746th year of the Julian period; .. 
which was the 33d year of his age* . 
reckoning from the beginning of the , ' 
year next after that of his birth, acoort 
ding to the vulgar j&ra thereof: and 
the ; faid Paflbver Full Moon was ori 
the third day of April. 

And thus we have an aftronomicat 7} 
demonftracion of the truth of this an- 1 - 
cient prophefy, feeing that the pfophe»~ 
tic year of the Mefliah's being cut orr 

was 


r 
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was the ' vefy' fame 'with the aftrono- 
mical. 

Befides, we have the teftiihoriy of a 
heathen author, which agrees with the 
fame year. For Phlegoti informs us^ 
that in the fourth year of the 2626! 
Pfymptad (which was the 4746th year 
of the Julian period, and the 33d year 
after the year of Chrifi's birth) there 
was the greateft eclipfe of the Sun that 
ever was known; for the darkhels 
laded three hours in the middle of the 
day : which could be ho other than the 
darknefs on the Crucifotion-day ; as the 
Sun never was totally hid above four 
minutes of time, from any part of the 
Earth, by the interposition of the 
Moon. 

Jf Phkgon had been an aftronomer x he 
would have known that the faid dark- 
nefs could not have been occafioned by 
any regular eclipfe of the Sim ; as . the 
Moon was then in the oppofite fide of 
the heavens, on account of her being 
Full. And as . there is . no other body 
than the Moon that ever comes be- 

C c tween 
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tween the Sun and the Earth, it is evi- 
dent that the darknefs at the crucifixion ; 
was miraculous, being quite out of the \ 
ordinary courfe of nature. | 

There have been great difficulties i 
about our Saviour's eating the Pafchalj 
lamb on the evening of the day before j 
it was eaten by the Jews. But I ap-j 
prebend this difficulty may be eaijilyj 
removed, when we confider that the. 
Tews began their day in the eveni^g^j 
and ended it in the next following | 
evening. So that, although it was tofij 
a different day, according to our way of 
reckoning, it was dill the fame day Re- 
cording to theirs. And we do not find 
that they brought in his eating the lapibj 
on the Thurfday evening as any accu- 
fetion againft him: which they would: 
undoubtedly have been glad to doj if! 
they could have made a handle or it 
for that purpofe. 
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By the preceding . Tables (p, 195^ 
196, 197) the day of the month am, 
fwering to .any given day of the week)) 
and the day .of the week anfwermg to 
any given day of the month,, may bq 
found, in the Old Stfle, within the li- 
mits of .5.500 years before the year of 
Cfcrift's birth, and 5500 years after k: 
and, in the New Stile,, from A. D. 
1752, to 1 821 incluuve; as follows. 

1. For any given , year before Chrift, 
look for the compleat hundreds of that year 
(when its number amounts to hundreds) 
at the head of the Table on page 195^ 
and for the years below or lefs than an 
hundred, to make' up the number of the 
given year, at the left hand ; and where 
the columns meet, you have the : Dor 
minical letter . for the given yea$. Thus, 
fuppofe the Dominical letter was re~ 
>quire4 for the 585th year before the 
!yea$ 6f Chrift 1, which was, the 584th 
; before the year, oft his birth. Under, 
5po at the head of the Table, ao4 
againft 84 at the left hand, I find FE* 
which is the Dominical letter required; 

and 
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and (hews tfye faid year to have been a 
Leap year ; as «very Leap year has two 
Dominical letters, the firft of which, 
ferves for January and February, and 
the laft for all the reft of the year. The 
Dominical Letter for any given year 
after the birth of Chrift is found in the 
fame way by the Table in page 196. 
Thus, fuppofe it was required for the 
year 1747; I look for 1700 at the 
head of the Table, and downward 
thence, in that column againft 47 at 
the left hand, I find D; which mews 
that D was the Dominical letter for 
the year 1747. Thefe two Tables fKevv 
the Dominical for the Old Stile: and 
the Table on page 197 fhews it for 
the New Stile, from A D. 1 7 5 2 to 
A. D, 1821. 

2. Having found the Dominical letter 
for the given year, look for that Iej^ej: 
at the top of the Table mewing the 
days of the months (pag. 197) and under 
the ^id letter, you have all the days of 
the months which are Sundays in that 
year, in tfie" divifions of the months. 
' • % • Under 


• • ? 
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Under the next letter toward the right 
hand, all the days in the column are 
Mondays; thole under the next are 
Tyefdays; and fo on 4 When you are 
but at the right hand of the Table, go 
back to the left, and fo reckon on ac- 
cording to the order of the days of the 
week. 

Thus, fuppofe for the 585th year 
before Chrift, for which the Dominical 
letted (or. letters) was FE ; the firft 
ferving for January and February,: and 
the laft for all' the reft of the year ; in 
the Table, pag. 197,1 find, under F, 
the 6th, 13th, 20th and 27th of Ja- 
nuary; and the 3d, 10th, 17th and 
24th of February: and then, under E, 
I find the 2d, 9th, 16th, 23d and 30th 
of March and Nov ember ; the 5 th, 
rath, 1 9th and 26th of October; the 
6th, 13th, 20th and 27th of April and 
July $ the 3d, 10th, 17th, 24-th and 
31ft of Auguft; the 7 th, 14th, 21ft 
and 28th of September and December ; 
the 4th, nth, 1 8th, and 25th of May; 
and the lit, 8th, 15th, 2 2d and 29th 

of 
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woang to given days or the 
week, are eahjy found. For example; 
if it wa,s requjred to know on what day 
of the. week the 2 8th. o£ May fell, in 
the abovementioned year; I, look for 
the 2 / 8t'hbf May in the Table, and % 
find A ftands at the top of the coluniri 
iri. which that day is found: and, as 
the :25th of May fell oti Sunday, 'tis 
plain that .the 28th of May muft have 
been on "Wednefday. 

Again, fuppofe it was required to find 
on what day of the week Chriftmafs-day 
will fall upon, in the year .1767, New 
Stile.. 'The Dominical letter for that 
year is £>. . Then, Under D in the di- 
vision for December, in the Table," I 
find tjiat the 6th, 1 3th, 20th and- ijih 
are Stihday s ; and confequently, as the 
2 ( o'th pf December- faffs' on Sunday, * '.the 
3^th : (or Chriftmas-day)* mpft' beoh 
Fjiday . ' More examples' ' yvbuld be . to- 

Perttuous.. , 

! Dd * Bow 

I . * • • 
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How to divide circles and Jiraight lpm y 
into any given number of equal parts^ 
whether odd or even. 

When, the. given .-number of equal 
>arts, inta which a circle, or a Araight 
ine is to; be divided, are even, and can 
be divided by 2, 3., 4,&c. the operation 
is too eafy to need any : defcription : but 
when the given number of parts is odd, 

as 3^5* 59> or 31 (which are numbers 
often wanted) tis^ found to be difficult 
to divide them, even by a great many 
trials with the compafles. > 

In order to avoid this difficulty I fliall 
ffiesv a method, by which it is as eafy 
to divide either a given circle, or a given 
ilraight line, into any odd number of 
parts, as into any even number; and 
have all the fpaces between the divifion 
lines as equal among themfelves as is 
.fufficient for tlie piirpofe : provided the 
operator has a good fector, knows haw 
to open it till the two 6o'son the Knp 
of chords arc as far afunder* when tried 

■ ' fey 
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by the compafles, as is equal to the 
" length of the radius, or femidiameter, of 
the given circle. 

There can be no given number of odd 
divisions or parts, but may have as many 
fubtraded from it as will reduce it to 
an even number, which may be bife&ed, 
trifeded, or quartered, &c. And there- 
fore, by finding the length of an arc in 
the circle that will bear the fame pro- 
portion to the odd number taken off, 
as the whole circle bears to the -whole 
given number; this arc may be eaiily* 
divided into as many equal parts as are 
contained in the odd number which 
was fubtra&ed ; and then, the remain- 
ing number being even, the remaining 
part of the circle may be eafily divided 
into .that number. 

All circles contain 360 degrees* 
Therefore, as the whole number of 
parts, into which the circle muft be di- 
vided, is* to 360, fo is the number of 
parts fubtra&ed to the number of de- 
grees, and parts of a degree, contained 
in the arc in which they muft be di- 

D d 2 vided. 
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vided. Thus, fuppofe it,was .require^ 
tp. divide a given circle into 365 jcqual 
parts: fubtradt five of thefe parts, and 
there : will ' remain 3 6.0, which may be 
firft divide4 into fix equal parts, each, 
of thefe; again into fix r anjd each of .thefe 
laft into ten ; . by whiph there will ^e 
360 in all.' Now fay, as 365 sparts is 
t» 360 degrees (the whole. circle) fo is 
the five parts fubtradred to the. arc they, 
will fill ; which arc, by . the calculation, 
will be found to be 4 degrees, and 93 
hundred parts of a degree; which is a 
Httle more than 9 tenths. 

Therefore, having taken the length 
of the iemidiameter of the given circle 
by your companies; open the fe&or £o t 
as that the two points of the compares 
may reach (crofs-wife on the lector) 
from 60 to 60 degrees in the line of 
the chojrds; and. keeping the feasor at 
tha^> opening, take- off 4 ^egrees and 
93 hundredth parts of a .decree (as; near, 
asryou. eari.guefs. by the , eye) crofs-wife^ 
from choline of : chords, near their ..be^ • 
v x z\, the joinfcj and .fet- tjiatj/f^' 

' ). : " " v tent 



tent .with, your, conyKuTes. upofc the pe>r 
riphery- of the circle, making marks 
with the points, and divide the fpace 
between the marks into £ equal parts » 
and -then divide the reft of the circle, 
firft into fix . equal, parts, then each o£ 
thefe again into fix, and each of thefe 
laft into ten ; and fo you will have the 
whole circle divided into 365 equal 
parts, as was required. 

Again, fuppofe a given circle was to 
be divided into 59 equal parts : fubtract 
9, and there will remain 50. Then, 
as 59 parts are to 360 degrees, fo are 
9 parts to the meafure of the arc they 
will contain ; which, by the operation, 
will.be found to be 54.91 degrees. 
Therefore, fet off 54.91 (or 54-rV) de r 
grees upon the circle, and divide that 
fpace into 9 equal parts; then divide 
the reft of the circle, firft into 5 equal 
parts, and then each of thefe parts into 
ia; and the whole will be divided into 
5,9 equal parts, as was required. As 
twice 294. make 59, this divifion will 
do -very well for a circle containing 

the 
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the 294. days" of the Moon's age 'from 
change to change ; as the above di- 
vifion of 365 will do for the days in a 
common year. 

Once more; fuppofe a given circle 
. muft be divided into 3 1 equal parts : 
fubtracl: 1, and there will remain 30. 
Then, as 31 parts are to 360 degrees, 
fo is one part to n.61 degrees (or 1.1.6) 
near enough for the purpofe. There- 
fore, fet off 1 1.6 degrees on the circle 
for the one odd part j and divide the 
reft of the circle, firft into fix equal 
parts, and then each of thefe parts into 
five : and the whole circle will be di- 
vided into the required number of 3 1 
equal, parts. This anfwers to the di- 
visions of the common month-day circle 
in clocks. 

The method of dividing ftraight 
lines of given lengths into any given 
number of equal parts is the fame as 
above; only, inftead of degrees and 
parts of a degree, we make ufe of inches 
and parts of an inch. . Thus, 

Suppofe 
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.. Suppofe a given flmight line was :% 
inches and ^ parts of an inch, (or %*& 
inches! Uri length ; . and it, was,, required 
to divide that line into 43 equal parted 
Subtract 3 j and there will remain 40 : 
then, as 43 parts is to 7. 3 inches, fo is 
3 parts to a fourth proportional numbed, 
which will be found to be 0.51, or 
-^ part of an inch. Therefore, from 
a common fcale, where you have an 
inch diagonally divided into 100 equal 
parts, take off 51- of thefe parts in your 
compares ; and fe.tting one foot in either 
of the ends of the given line, make a 
mark. with the other, foot upon the line; 
and divide that fpace into 3 equal partsi 
and .the reft of the line into 40; and 
you; will have the whole line divided 
into- 43 equal parts, as was defired. 

By. this methody.a wheel may be ea- 
fily divided into, any given, number of 
teeth. . For, if a flip of paper be laid, 
round the edge of the wheel, fo as the 
ends may juft meet j the &id ilip s may 
be divided into. as many equal parts as 
the wheel muft have tfeeth ; and then, 

having 
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jfirih put the buifc of, the tube into 
^terjuft-iqeezing, :©r fnow juft thaw-r 
^a; land, at . that part where the top 
n£.the;Mercury fettles in the tube, make 
a-mark on. the tube. Then, if the tube 
be;. long ?enough to contain the riung 
of .t^e Mercury for boiling water, put 
the .bulb, into boiling' water; and, at 
;he height >to which the boiling ralfes 
the Mercury make a mark on the tube* 
This done,, apply the tube to the jar 
tended fcale;, and>againft the firft mark, 
place. the .jnumber- 32 on the fcalej t$ 
denote the freezing : point ', and againft 
the iecorw) mark, place the .number 
2x2, on the fcaje,. to denote the boiling 

points 
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point -Thie daoey 'divide >tbe fpaee 

between .ifctwcD.-biarkt' bn 'the fcaltf 

ti^fo iJhtiiiafe .faotki fltxjrb tfen foiling 
4ta& belowjctbc fecezipg: i point;' for the 
whoferlcngth of theisobrri oridnthe fcaic; 

and number ' . them/, accordingly. '-* And 
tj^n th^;hea<s of feinarkl bodies 'may be 
&£wh£ by (being iexpoefled on the (bale,' 

asfpllowto'v • r r :-i :■■{ ■ '•>" v/ ; '• 

: Atr$ in ffrerc cold weather' in Britain, 
from 1,5! ftd 25;. ;Air at'MiddimmeY^ 
from 6$ . .to 68.... Extreme «hcat of the 
Summer $un, from' 86~to ioov' Htiman' 
heat, about 97. Butter juft melting, 
95. Alcohol (or pure fpirits) boils with 
174 or 175, Brandy with 190, water 
with 212, oil of Turpentine with 55c, 
and Tin 'melts with 408. Milk freezes 
about 30, Vinegar about 28, arid Blood 
about 27. 

If the 'tube be not long enough to 
bear boiling water, firft find the freezing 
point as above directed ; and then put 
the bujb under jour arm-pit, next to 
your (kin, and hold it there as long as 

£ e you 
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yglttfch&rc IJbeefif fspvofb tpsffifcj jjfr9u£ 
tube, «od then roafeajaj^atfefXTOfiflhtt 

<&#¥^ .kppljr tsbc^littJbt to -tWiiofccoflBdr 
fcak -, t)^wlu<:b> rplaool £*.*&■ the £rfl$ 
n*M& ohr..thtrk6at\u^ poidt* >^ah«l ^ 7 
aj>, .the j^cond : mark, for 1 theUdegree - ofi 
hunwia heat , Then divide MJhefpaoc* 
l?sU^en ( thcfe twfentrabm oh ifce fc*fe^ 
into 65 equal parts, and continue • tbdtf 
(JiyHiQ^ ;4hoVe 63, and below 32, as 
^r v as the tube godi; and laftlj,- jfoce 
the different appellations of beat and 
gold *fe the fealc?ai abovcmentionedA 

' : • I.. SH J 

... * * 

Ruksfir finding, the Areas or ' ptperjkuu 

* * ' toriietits of rtam Figures and ef fern 

• voaies. . , 

..?.'. . •. ; ~' : •'*': .V,'. .: 5 1 fill 

I. The diameter of * circle leing given, 
to ^^^f^fef0^ % p^^\fir^a. 

acjj ' s i-.'<:i~ as 
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mfiseti inches^ fog* t»A<firc m iJfet < rf£ fe 
iaithe JikrwieafBrw. Vt 

• ;.1*6 find the area, ia circular sieafure, 
lfoiUipiy: the^diarocte^by itfelf* *h(J<he 
ptoiduA wiE be the area (ought. 

: (DTa-find the are* in Square ttieaftoe,* 
figr, as I istoo»7834{or-rather 0.785399) 
ibois the fqrate of the diameter to the 
486ft: fought* ia fucb flaeafure* (as thedi- 
ariaeter was taken. -....-.,- 


« • * 


H >• 


2* Tq find the area ofthcfiSor of a CircUl 

As 365 degrees is to the degree* in 
.the arc of the fe&of , fo is the area of 
the whole circle to the area of the fc&or. 
Or, multiply the lepgjth of the radius 
of the fe&or, by the length of. tile .arc 
of the circle, under which it is contained, 
and divide the product by 2; the quo- 
tient is the area fought. 

> j Afe&iply , the Jongeft diameter by /the 

$*Cft& *#;«!* ptocka % :o.78|$4V 
>js E e a the 
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fguare meafure. .?jy,k. a«i« > iii ' "~^i: 

n ' ; £ 7>"1M ifife afeZtf^fiarMila 1 ^ 

• : Multiply the bale* or-greateft • <irdi- 
VtitCy. by • the perpendicular height, duel 
the tfdim h$>2>.' then dftide thcfcft 
iprodiiift by 2, ; a«$ the quotient wi&*be 
the area required. 




.'f 


5. To jfW /&' area t>f a Sqilare^ «r "of- a 
\ , .Parallelogram, 


\ * - • * j 
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1 ' r-fj 


/a 


• ' "'■' Multiply anv fide df\ fh.e fljtyre-^y 
ftfclrV or bne of the; longeft. fides' 'of $e 
parafleldgrarh by one of. the* ,5 Qi8rtett- 
and ; the produd; , will be trje area re- 


■• . '. ' .i ^»liV. s >- V -^ii; 
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. iftnS find 4h area of ^Triaisg^ the 
:> . • ■ . - 1» pendicular. 


fpeii&cttfai',' ^ahd' divide, ^tfefe prodwty 
2; the quotient will <be the a*e%*in 
fiich fquare meafures as the lengths of 
the bafe and perpendicular were given. 

If the triangle be an oblique one, and 
ihaye its fide* of -different lengths, call 
the longeft fide the bale; and,, from 
tthe angular point, opposite to the bafe, 
ctiraw a right line perpendicular to the 
'bale. Then, find the length of the 
perjpendicular, in fuch meafures as the 

, ta?gth ? .of .the fides were given, and 

- multiply the length of the bafe by the 

length of the perpendicular, and divide 

fhe product by 2 : the quotient will 

\be the area of the whole triangle, as was 

- required. . 

7. To find the area, or fuperficial coffterit , 
of any Re&ilineal Figure. 

'-^ If the figure be irregular, and 'confifts 

of many; fides and angles, reduce it all 

into triangles; and then find the ;con- 

*9HM'*fcf eabK triangle £y ! itfelf, ; as di- 

-^^ed J b)i( the foregoing rule. -Thefiftn 
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«ftft t$M* area* of oorttcntsv' Wng aAW 
&gttl&, wflfc ie ithe wctnae «»ntwit& 

f'CQTfi ".' • "■■•'. >ic .: ' " ■■'■"* "5 • 'ii: .' anil 



$" % find the cmtera of a mathal% 
^'%en furoey'id by the chahr % and ptddfti 
lr ^i3fam by aficde of chains and tmks % l> ' ni 

( , n X:be common chain fa: fqmg^g 
cgntajnsr ioo links, and *he coagngfi 
pjptting fcale has inches divided, %jjWi 
agonal lines into ioo equal . parts. £ & 
$bat an inch aafwers to a chain in plot- 
ting, a»d the parts to linkfc ■, rPO^afl 
th? feme ifjialf an inch, or a quarter $f 
a^inchybe diyio>d into *qp eq<#l pajj$$ 
for they may be ufed in plotting ; w #a4 
always the ftnalleft divifions wnM 
when the largeft ^uan&ife of Jan&aft 
tftte pLotted^s^n.o^ pafgfr. ;.. ,m x 

;rfllte fold ,keipg ; .plo|$ed . 4qwn^. «ftj 
&$£ ^^^l.tofJrH^^si^andtrijeifijffl 

SteiMf : *Q* f# W<fc$il»rit Wgten§f 
each.triarjglfe^a^rr.c&^aife 0a fb« 

#ti»ft.4?w«B^oiiiyiifeBq6 ch^n&#j*i 

;i links 


-■Js\ 


^iwijok-.iwkmbcrs- of -Jinks. Tau^# 
chains, '24 lioks, are vmrtc <kwfr r 7^4 
links, and 5 chains, 9 links, are wrote 
down 509 luikfs, and fo on. Then 
miitajply the length: of .the bafc of each 
triangle in links, by its perpendicular 
height in links, and add all the produces 
together into one fum: which done, 
emit the wKole fern by fc, arid the 
o^bBient will be the area of the jfieldi 
itt%Uare links ©f the chain. • "' V 

fiom the number of fijuare Iraki 
contained in this area, cut off five figures 
td 4fte tight hand Ijbecaufe ioddoo 
folate -links hiake ah acre) and what 
remains to the left hand \vM be Acres ; 
M thofe which are cut off will be-fle* 
drtodl 'parts of aft Acre. s 
■ Multiply thefe - decimal of an Acre 
by 4, and from the product cut off five 
£gu#«s tb the right hand ; and what 
'remain* to thfc left will be Roods, as thole 
Stit off wiH' be decimals df 4 ! Jtood. '^ l 
^^IMly, rnulriply \he^ decimal s of a 
fetfedby 40, and cut 0^ five figures of 

aAr i - the 


~1 


> 

the prodfacli' to the) r righ<r han3-: ahd 
vphat remaii^to.thek&SrHlbetBcBahca^ 
as..r(iofe cut- off wilL;b^^dccimals ( ?of ^ 

Perch. • :.: j A:-''. {> ..r.lr.i.j .■: { -v! • 

• And, fy < >th& xaetho&'tbe whole con- 
tent of a field will bo had) in acres* roads* . 
and Perches. ; •••-• t ' . •/-";. 

' * I ...» * »♦ 

* ». « •# • ■ l>/4 '•-'A.A.J**' > « * . . • 


f. » f « > ' » • # 


1 • 


9. 7$i diameter of a Circle being given, ■ 
t io find] tip, fide yfi a '/quaere \whsfer ; area 
is equal to -the area;, effc 'Ctirck f ptd 
. the revere* - .. -..^ . { :ovi 


i - . ■ tt»' 1 1 • 


As 1 is to 0.8862, ffris the diameter 
of the circle to the fi4e of the fquare, 
whofe area is . .equal to the ■ area of the 
circle. Or, having found tjie area ; of 
the circle by Prob. 1. extract the.fquare 
toot of that area, and it will be the fide 

of the fquare fought. ; ; .» 

To find the diameter-of a circle whole 

. * ' 

area (hall be- equal x<x, the area, of a 
given fquarej '.fay, 1 as 1/ is to tb?, fide 
o/the fquare, fo is*i.ri8 to the djarme< 
ter of the circle required. ..'«.. 

10. To 


9 

of the diameter oP&e gMMnoMUrilP 
perficial content. '• 

it. to find tl^ Jtt^fyM foment of a 

Cylinder. 


' Av i -w -to. tKe length pi the cyunoeir 
fo is its- circumferenqe Jo the, fujperficia 
cpntenf oHfe. convexity E 'to >^]*fc| 
the .areas* or two :flat circi% 1 iurfac 
atJeacH.^ (found by;Prob. r ,iJ,^d,tl 
whole will , he- . ' the fuperfiqaL : content 




a: 




* 
.» » > 


I 


t r i • « !• % "All ^ 


&0&1&: 


* n 




;*bkh*k tat^iP^que.-Cnpt % per- 


at 


<Vk> .ie 
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half the circumference of' the fcafe. to 
the fuperficial content of the convexity ; 
to which add .the area, or fuperficial 
content of the bafe, and you will have 
the: Whokt fuperficial confenjt ,of ^r$hp 
cone, as wai required. ..• , -'--, .\ vx& , 

» • 


13. Tfl find the fuperficial content of toe 

Fruftum of a Gone, 


* *■ 


As 1 is to the oblique altitude of 
the Fruftum, fo is half the fum of the 
circumference, at the top and bottom, 
to the fuperficial content of the Convex 
part: to which add the fuperficial con- 
tents of the circular top and bafe, .and 
you will have the whole fuperficiality 
of the Fruftum required. ''''<■ ' 

1 

14. To find the fitperficial content of" a 

-....: •. ... prjftn. •• '•'" 

1 

This may be found in all refpe&s as 
in the- Cylinder, regard being only had 
tp the figure of xhefcafe. 

15. 2S 


t **9 ] 


/- 




(ft.- 


» « 


*»v llfoi j 8 done in all lefpeds -as the 
tc«ie, regarding the * figure of the bale : 
and confequently the fiiperfitial content 
of the Fruftum of a Pyramid may be 
found in the fame manner. 


« .... ... 

1 6. To find the fup&ficial content of any 

of the five Platonic bodies^ 

i • 

• _■•; •• . . t < - .-. * 

As i is to the fide of the given Bla- 
vfpnicbody,. , • • -. t 


-r.i- ;• 


3.46410 1 . O 

6.00000 y£ is 3 

I *"" O A* 


U3 +2 


8.66025 ^ fi 

20.6457 fj h S, 8 -s 


fTetredhm, 
O&aedron. 
Hexaedroh, 
Icofaedron. 
DodecaSdion* 


« 

t 


Or, as 1 is to the lqaare of the fide 

of either of thefe Platonic bodies, fo are 

> the above numbers in this propofition, 

to thejuperficial content of the refpec- 

tive Platonic body. 




V 1 


u 


X < * 


u 


• • . f » * » 


F.f .ft 


i » 


* 4 ' .> 


~> * 


.Jul \ 7 


>Jl. 


C 


f m 3 


/?/;%/ tbe jp£|iy gfrte PArtofcc 
, £«&?, /A?/ tnay he* either infcribedi* 

z : $%> *S4? *&*» *#; tteigifafr • 

3;'.. rf :-.o L' ' *!r.« - vh. vIh* u%'"^nQ'-i f Iv>. 
. As i is- to the number in , the follow- 

\ reiDecting the thing k 



to the fide of the Platonic body fought. 


The diameter 

of a fphere ' * 

being unity, 

tta-frde of a 

%■ — ii * » « ■ 

Tetraedron 

Oftaedron 

Hexaedron 

Icofaedron 

Dcdecaedron 


ftftrfbed-fcr 
the fphere, 
%is 




t 


0.816497 
0.707107 


t*dU 


"T{ja£may be 
tiftfir&cribed 
about the 
fphfre, is 


Xhat is e- 
O^ual to the 
fphere, is 


[i ^ ^> «< 


«... I art 




I .ooooo . 
Q.66138 


2.44948 r .U64417 t 

1.22474 c f ,1, Y■^o#f& 
o.8o6lO 


; ^.621153 

-0»4cfe8j 

I * It # I 




.17.. ?fa-Mt,,d.<*m.pfJk* fwJPf&w* 

, \ agates beiw given* io-hnd tbe ^diameter 
oj a J£here that, may be mjcrwed. m 

\ . t}wp _.hod%y. or avcumjthikd , {t&6&'h % 
or that is equal to it+ ? 


. As the refpe&hfe, number in the 
2bb v^. Table, under 4 the title, Infcribedi 

Circum- 


fide of tlft ^^l^fc^fltodj^-fcttta 
diameter of its infcribcd, circumfcribed, 


t • -* 


* \ 


either ofjfa'gfafWjfafe* «#V* 
equal in folidtty to that of the given 


♦ « >6J • » • m * 


>0 '"». -.».' ' ' - 1 » ' • 


„ A» *&S fl«W% «#*.# titled*/, 
*gaio£ :;tf»e. : jgwuq Jfctegjc' >4yt;# 
to the number uij^ i: ;{ne, fa^e, -Ww 
againft the body whofe fide is fought, 
fo is the fide of the gjven Platonic ijody 
to the fide of the^Iatpiiie'- t>ody fought 

♦ * • » 

Jh&SL. fir. '.fining, the fiUd cjhtttitl of 


A.H ' •» ^ • f*' K r»r 


. * * * V 


I. To find the folid contents of a x Spbeip 

... or Globe. . . . 

Multiply the djameter of r the fjjjjiere 
.twice fats* itfelf .'(which, is • cubing, iO 

- and 


-^. * 


and- 1 hi Produ«a by <a*sa3^;^fif hA 
produd is the folidity required. '•• —it 




2. To find tbejblid con&nt of (i Spke^id^ 

As 14 is to 11, fo is the lquare of 
the conjugate diameter, multiplied, by 
two thirds of* the trarifveffe ^cli&meW, 
I6 : the fbfid- content required. > 




3'. To find the folid content of a Cubs. 


■* p 


\ Multiply the" fide of the cube twice 
into itfdf, and the, produft will be the 
fblid contents thereof. 


t t 


»■ > ' i 


4. To find tbejblid contents of a Paralle- 

v Itptdon. 

V Multiply tne. length by the breadth, 
and the product by the depth ; the laft 
produd wiU be the folid content re- 

* . ""Vf • ' . I- »- t * » * { 

VtiiifAn ■■» * . • . \ « ■ . 



*4. . • . \# . x * • y \ » - 1 'f * 

5 . To find tie folid content* of a Prijml * 

Multiply the area or the triangular 
l»fe- by* the height -of the\Prifm }'" and 

the 


> . 


ffrtip 


t^e prodo^t will be tfie f6H3 content! 
thereof '■•-• .'•' ^ 

* . • • « e 

> ■ - '^ v ^ . •' T .. : ' v n. 

6. To find the fetid contents of a Com^ 
'. ■ . „-j. t and alfo of a Pyramid.- , 

1 * 

„ As 3 is to the area of the bafe, takety 
in any meafure, To is the perpendicular 
altitude, of the Cone, or of the Pyramid^ 
to its foiid contents, in the. fame mea- 
fure. 


A * » •< 


11 


7. $ find the fetid contents of the Fru/km 

> • * 

Firft find the * areas of its circular 

* ■ * 

bale and top: then multiply thefe areas 
into pne another, arid extract the fquare 
Toot of the produd: add this f^uare 
root to the fum of the forefaid areas, 
and multiply this, wjidle fum by 6ne 
third of the perpendicular height $ 
the Fruftum, anjj tlje produd will-be 
the folid content thereof. , ' 


,# ... ' 


N 


' ' ' a Pyramid. •'•" i\tryr*h\ 

T^his js done in all jrefpeds 3s ^jtfjjj 
Pniftuiai bfa*'C6heV ;, on^r l having^ ref. 
iped to the v Bgures^ tif iti fkt : bafe and 
top* as jthey may be triangular, fquare,, 
hexafflonaL &c, , . ., 

As i is to the cube of the fide x£ 
Wty of thefe <hodies* -fa i$ > o.j irf $» to 
the folid contents, of the Tetrabdroo, 
0.417404 to that of the O&aedron* 
•^ .'00000 to that of. the Hexaedron, 
#.*$»6#5 to that of the Ic<|iaedro0i 
tnd ^.663*99 to» the- folid content of 
«th«.I)o(k4ae|ron.. ;;._.[. -y * ', y. -.- -•« 


'Let the vefiH fee -fitted > qujte u|* to 
jlhe'brim with watery and weighed in a 

balance : 
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balance t tjien put the. irregular body 
into the veflel, tilt it be quite covered 
with <the water, and it will caufe as 
much water to run over, as is ecjual to 
its whole .bulk. This done, take the 
body out of the water, and then find 
how much lefs" the veflel weighs, than 
it did, when full of water, before the 
, body was put into it. Reduce this, de- 
ficiency of weight into Troy grains, 
and divide the number of grains by 
253.18 2 87 (becaufe the weight of a cu- 
bic inch 0/ common water is 253.18287 
grams) . and the quotient will be the 
folid contents of the body in cubic in?- 
ches, which may be reduced ,to cqbic 
feet: by dividing the number ;of. inches 
by -12738,. the number of cubic inches 
in a cubic foot. 

N. B. . The outfide of the : veflel muft 

be wetted when it is full of watery 

x arid its. weight taken, before the body 

be put into it; for otherwife, part 

of the water which the body caiifes 

-• ' t$ run over, when it is immer fed, will 

Gg ftick 
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Hick to* the outfide of the* veflel, an'& 
thereby give a falfe <»ncluiion. 



II. To find the /did contents of a Cylin- 
der, in cubic inches* 

As i is to 0.7854 (or rather to 
0.785399) fo is the fquare of the dia- 
meter of the Cylinder, taken in inches, 
to the number of fquare inches contained 
in the area of the bafe of the Cylinder : 
which number being multiplied by the 
height of the Cylinder, taken in inches, 
.gives the folid content thereof in cubic 

inches. 

Now, fuppofing the Cylinder to be 
hollow, and thefe meafures to be taken 
in the infide ; we may find how much 
it will hold, in Ale gallons, Wine gal- 
lons, Corn gallons, or Corn bufhels, 
f thys: 

\ Divide the content in cubic inches 

.by i8*, and the quotient will be the 

.Dumber of Ale gallons ; hy 231, and 

the^duotient. will be the content in Wine 

Ions; by 268.8, and the quotient 

2p> 2* will 



k •' 





* % 
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will be Corn gallons; and by 2150.42, 
and the quotient will be the content in 
Corn bufhels. 

12; To gauge a common Cafk or Barf eh 

. Meafure the infide diameters of the 
Cafk at the end and middle, and take 
their difference in inches. Multiply 
this difference by 0.7, and add the pro- 
duct to the diameter at the end ; which 
will give the mean diameter of the cafk, 
very nearly, as if it were a cylindrical 
veflel of the fame contents with that * 
of the cafk: which contents may be 
found in Ale gallons, Wine gallons, , 
Corn gallons, or Corn bufhels, by the 
foregoing Problem. 

13. To gauge a common Vat* 

n 
v. 

t * 

„ Multiply the diameters at the top 
6hd bottom (taken in inches) into one 
another, and to their product add one 
third Jwt of the fquare of their differ- 
ence ; then multiply this fum by 0.7854, 

J O g 2 ' and 


•> 


■* * H.* * 


i 
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•ismd the produdt will be a mean area, 
is if the veflel was cylindrical. Mbl- 
ttfily this area by the perpendicular 
hfeight.of tlje Vat, and the product will 
give the contents thereof, in the number 
of, cubic inches that it will hold : which 
number may be reduce4 into Ale gal- 
lons. Wine gallons. Corn gallons, or 
Corn bufhels, as above. 

y^ Table, by which the quantity and weight 
of water in a cylindrical pipe of any 
given diameter of bore y and perpen- 
dicular height^ may be foun$: and 
confequently, the power may be. known 
. that will befufficient to raife the water 
to the top of thp pip?) in any pump y ok 
ether Hydraulic machine. 


8 


OP 


i 

3 

tf1 


* 


Diameter of the cylindric tore i Inch* 


\ 


Quantity of jvater 

in cubic Inches* . 


g.4242781 
18.249556? 

*?^743343 
3 j 69^*1 2*4 

47.123*905 
': $.5486686/ 

'" 6 jT*97344 6 7 
'■ ^75.3982248 

84.82.30029 




Wright of water 
in Troy 6unce$. 


4.9712340 
9.9424680 
•14.9137020 
I9J849360 
24.8561700 
39. $274040- 
34.7986380 
39.7698726 
44.7411060 


s » 


«-S!^» 


1 


In 4yoirdu- 
poifc ounces. 

5-4S4IJ39 

10.90^3078 

16.3624617 - 

27; 270769 c 

32.7249254 

+±613*3** 

. 1 ■ * 

Fojr 


L ^^^■^MV^B^^^^^pvapp^HPim 


•[ ; «ft] 

For tens of feet high, remove *foe 
decimal points one place forward V for 
hundreds of feet, two places ; "for thoU- 
fands, three places ; and fo on. Then 
multiply the fums by the fquare* of the 
diameter of the given bore, and the pro- 
duces will be the anfwer. 

* 

Example* : . 

Qu. The quantity and weight of % water in 
a cylindrical pipe 85 fetf high y and 
10 inches diameter. The fquafe of 
jo is 100. 


Feet 
high. 

»" ' -11— 

80 
5 

*5 


>/. 


Cubic inches. 


7^3.982248 
47.123890 

801.106138 

mult, by 100 

80110.613800 


Troy ounces. 


397.698720 
24.856170 

422.554890 
100 

■■ ■ »— 11 ■— — — 

42255.489000 


Avoiri ounces. 


436.332312 

27.270769 

463.60 jjo8r 

100 

46360.308100 


Which number (80110.6) of cubic 
inches being divided by 231, the num- 
ber of cubic inches in a Wine gallon, 
gives 342.6 for the number of gallons: 

and the refpe&ive weights (42255.489, 

and 


sad 46360.3) being divided, the Iprr 
nicr by 12, and the latter by 16, giy^ 
5521.29 for the number of Troy 
pounds, and 2897.5 for the number pf 
Avoirdupoife pounds, that the water 
if* .the pipe weighs. So much power 
would be required to balance or fupport 
the water in the pipe, and as much 
more to work . the engine as the friction 
thereof amounts to. 

Concerning Pumps. 

In all Pumps, the preflure of the co- 
lumn . of water, or its weight felt by 
the working power, when raifed to any 
given height above the furface of the 
well, is in proportion to the height of 
the column, considered throughout, as 
if it were equal in diameter to that part 
of the bore in which the pifton or 
bucket works. 

• The advantage or power gained by 
-the handle of the pump is the fame as 
in the common lever ; that is, as great 
>p the lengtf) from the axis of the handle 

tq 


*r*> ' " " '« '-• " =•"" * V 


I 2 3* 3 

to its end where the power is applied, 
exceeds the length q£ the other part 
of the handle, from the axis on which 
it turns, to the pump rod wherein it |p 
fixed, for lifting the pifton and water, 

la *he making of pumps, the dia- 
meter of the bore where the bucket 
Works fliould be proportioned to the 
height which the pump raifes wate!" 
above the furfaqe of the well, as that a 
man of ordinary ftsength mi^it work 
all p\frnps equally eafy, let their hejgbts 
be what thej will. The annexed Table 
dfhews how this may be done, and whajt 
quantities of water may be raifed in a 
minute by one man, fuppofing the 
fiimdle of the pump to be a lever hi- 
creating the power five times. 
N. R. In my book pf Lectures, pag. 
75, lad paragraph, and line 3 of co- 
lumn ij in pag. 76, for bucket, vW 
furface of the water in the well. 


A fable 
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Find the given height 
of the pump, in the firft 
column of the Table ; 
and againft it in the fe- 
.cond column, you have 
tjie diameter which the 
bore moft be of, in in- 
ches and hundredth parts 
of an inch : and in the 
.third column, you have 
the quantity of water, 
in Englifh gallons and 
pints, that a man of 
common ftrength can 
xaife to that height in a 
minute. 

With refpecVto the 
power required, to \vork 
the pump, or die quan- 
tity of water difcharged 
thereby, it matter* not 
what the diameter of the 
bbrt be in any other 
.part than tliat wherein 
the pifton or bucket 
works. 


*M 


A- Tahb for. Pump-makefs. I 


Height pf 
the pump 
above the 
fur face of 
the well. 


Feet, 


xo 
*5 

20 

30 

3S 
49 
45 

g 

*S 

7° 

75 
80. 


Diameter 
of the 'bore 
where the 
. Piilon 
works. 

Inches. 

6.93 

4.90 *7 f 

4.38 *>i 

4.00 20 

3-70X $ 

347 M 
3.26 /" 

310 tf 

2.9$ /t, 

2.83 

2 V 1 

2.62 

r M3 
2.44 


Water dif- 
charged in 
a minute in 
gallons and 

pints. 


Gal. Pints. 


81 

54 

4o 

32 

27 

23 
20 

r8 
16 

H 

*3 
12 

11 

io 

10 


6 

4 

7 
6 

2 

3 

4 
1 

3 
7 
5 

4 
* 

7 

2 


•OTk 


Troy wdght< compared with Avoirdupoife 

weight. 


175 Troy pounds are equal to 144 Avoirdupoife pounds* 

17,5 T*roy ounces are iequafttrnjaf Avoirdupoife ounces, 

1 Troy pound contains 5760; grains ; and \ 

-1 Avoirdupoife pound contains 7000 grains* 


1 

1 
I 
1 
I 


Troy ounce.coftuins 480 grains; and 
Avoirdupoife ounce contains 437.5 grains. 
Avoirdupoife dram contain* 27.54375 grains. 
Troy pound = 13. ounces 2.65 1428576 Avoird. drams ; and 
Avoirdupoife pound h equal to 1 pound, 2 ounces, 11 
penny weigmy 16 grains ,Troy. . 


Bv 
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,By'the:foiipwing Table, we may find 
hcjw much of either of thefe weights 
is contained in any given number of 
pounds in the other. 


■aataa 


Tr. 
P. 

I 

2 

3 

4 

t 

7 
8 


AvoircL pounds. 


***** 


o. 822857 142857 143 
1.645^4285714286 
2.468571428571429 
3.291428571428572 
4. 1142857 142857 1 j 
4^937 142857 142857 
5. 760000000000000 
6.582857142857143 
7. 4057 142857 1 4286 


I 


Av. 
P. 

1 

2 

3 

4 

i 

.7 
8. 


Troy pounds. 


1.21527777777778 

3*64S*3S33333333 
4.86111111111111 

6.07638888888889 
7.2196666666666^ 

8, 50694444444444 

9»7222222222222^ 

1 o; 9375000000000b 


For tens of pounds, remove the de- 
cimal points one place forward; for 
hundreds of pounds, two places; for 
thoufands, three places; for tens of 
thoufands, four places ; and fo on, as in 
the following Examples. 

When any fractions remain in the. 
lad fum, reduce them to the known 
parts of a pound, by the common me- 
thod of reducing decimals to the known 
parts of an integer: remembering, that 
in Troy weight, r 2 ounces make a 
pound, 20 penny weight make an 

H h -ounce. 
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ounce, an,d 24, grains make a penny- 
weight: and that, in Avoirdupoife 
weight, 16 ounces make a pound, and 
1 6 drams make an ounce. 


• E'XAMPiE I. 

In 175 Troy pounds, Qu. How 

Avoirdupoife pounds f 


many 


Troy. 
100 
70 

5_ 

*75 


Avoirdupoife. j 
82.2857142857143 
57.6000000000000 * Anpw* 144. 
4.11428^7142857 


144.0000000000000 


Example II. 

In 144 Avoirdupoife pounds Qu. How 

many Troy pounds f 


Avo. I 
100 
40 

4 
144 


Troy. 

"*• 5*7777777777*'* « 
48.6111111111111 Anfaj. 175. 

4.-8611111111111 


■»■'« . 


17^. ooooooooooooo ' * 


Example 
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ExAMP.tE: III. - 

In 7 2 Avoir dupoifc pmnds y Qu.* How' 

>mucb lr&y~$weight f :.-. 


Avo. 
70 


72 
P. 


: Troy. . 
&$. 06944444444444 Anfwer. 
2* 43^5555W555P » ~' 8fr". j-pounds, T 

' , ' . * r ' , .; "V, . #<}?• 87, pound* . ^ 

-87.50000000000000 bounces- ' '* 


•* < 


>- - • r . ..' ■ T 

In common" practice, 'tis fufficient to take put the decimal part 
t/t five or fix figwrfs. 'I' 

By four weighs, viz. 1 .found, 3 pounds, 
9 pounds r and 27 pounds, to imigh 40 

pvwka °r #ny mmber tf pounds from 

<j to 40. - :. •; .-. : .... 


►0. 

g 

1 

' 'Scale- 

f 

- Scate 
J? 

9' 

• 

21 

• • 
Scale A. 

• Sc. 

«* » • ivdi *i 

1 » j»* 

•*■*. 

9 

f 



27>3 

^ 

• i'\-» 

* '* .*s 

.22 s 

27>3>i 

9) 

'"* 

•3 ■ 

A< 6- 

23 

27 

hi 

\ : * 

1>3 

• ~. 

2ii. 

2 7 

3' 

•5 

s 

3,1 ' 

2 5 

2 7>* 

3 

-6 

"'tr ' 

3 

20 

27 * 

1 

7 

9>i 

3 

27 

27 

P 

8 

9 

1 

28 

27,1 



9 

9 



29 

27»3 

1 

10 

9>i 



30 

2 7>3 



11 

9>3 

1 

31 

2 7>3,y 

9 

12 

9,3 



3* 

*7>9 

3,1 

13 

9>3>! 



33 

*7>9 

3 

H 

*7 

M>9 

34 

27,9,1 

3 ' 

*| 

*7 

3>9 

H 

27»9 

1 

l6 

27,1 

3»9 

36 

27>9 



17 

*7 

9>i 

37 

27,9,1 



18 

2 7 

9 

38 

27»9>3 

1 

*9 

27,1 

9 

39 

27,9»3 



20 

1*7>3 

9*1 

40 

27>9>3> I 

o 
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The two columns under Pounds ex- 
prefs the number of pounds to be. 
weighed : to the right hand of which, 
the column under A (hews what weights 
are to be put into . one fcale of the; ba- 
lance, and the column under B fhews 
what weights are to be put into the 
other : by which means, the feale B will 
be fo rnuch lighter than the fcale A % 
a$ to require a weight to be put uito 
it, equal to the given number m pounds 
to be weighed, as Hated at the left hand, 
under' Pounds t againft the weights in 
the fcates; and then the balance will 
be even. 

If,: to the above foftr weights, one 
of 8 i pounds be added, you may; weigh 
121 poupds ; or any number $*>m % 

to III' • 

to 1)2^; and i£ to thefe, ;y$u! add a 
weight:'of 243: fiotiods,. yoa teia^ weigh 
3^4, pounds, .or 4ny nimibw-fftnto ".%*&> 

3^4»( -* ;■ ■: v* r »--.[ v.. . ; 'l*-' - • | **■'-£ 

v < . - . * I - 

• .; ' ;' •fit*-:'.'"' > v '."•■"'; «•'•'• ''• - }'-'! '•-• 


n 




3vbU 




1 
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Tahk af th&Jpmfic 

Bodies. ' 

fTrty Wejfcht. 


A ojbicii^chof 


i. 


oz. pw. gr, 




..h: 


. Very itoe Gold 
I (Standard Gold 

Guinea Gtfkt 

Quicfefilver 

Lead 

Pure Silver 

Standard Silver 
Copper 
Plate Brafs 
Cail Brafs > 
_teel 
;B4ockTin 

[Diamond 
Fine*!«ferb!e 
Common Glafs 
Alabailer 
Dry Ivory 
Dry Boxwood 
Sea Water 
Common Water 
Red Win* . 
ProoTSpirits 
Ptire Spirits . 
Mthex 
Cork 
Air 



/' 


4 .» . *«o$ 
4 5 *&7$ 

4 2 20.21 

3 *7 5*5* 

IP 8 : i4.u 

i ,.7 i.*o 
o ^9 1 1.43 

o i_o "z6.$i 
o 10 ij.18 

* IO 1 1.**. 

* 9 »9-73 
o 9 5.27 

o 7 14.00 

o 2 12.77 

o 0.25 


fa. n 


rj'Tafce away the decimal points from 
tfee numbers in the right hand column, 
Aod reckon them to be whole numbers; 
and they will (hew how many Avoir- 
dupoife ounces are contained in a cubic 
foot of each pf the above bodies in the 
'Table. 

A Table 
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mm 
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A Table of the different Velocities 
and Forces of the Winds. 


Velocity of 
the Wind. 


^ 


ii i m -h t i m< 

Miles j : 2 
in : Feet iff 
one . one 

IJour. Second* 


« 


■•* 


1.4* 

! *-93 

• 4-4-0 
i 5*7 

• 7-33 
. J 4- 6 7 

22.00 

. 29-35 
■ 3^.6? 
.44.0a 

5^33 

: 5**7 

• 66*00 

7*3% 
88.00 

U7-33 


1' 


% I' 

2 

3 

4 

5 
10 

*5 
so 

25 
30 
35 
4° 

45 

60 
80 

100 j 146,70. 


Perpen- 
dicular 
force on 
fcne foot 
Area, in 
•p<5unds 
Avofr- 
dfepoife. 


.005 
•020 
.044 

•:-i;i2 

..4J9X 
i.1.07 
t.968 

3-o?5 
4.428 

6.027 

7.872 

9.963 

i*2.jbo' 

1*7.712 

31.488 

49.200-'* 


% -» 


4 
Common appellations 

of the" forces of Wlflb>* 


1 > • » 


Not perceptible. 
JuA perceptible* 

Gentle pleafaat Wind. 

Pleafapt brifc Gale. 4 

, y ejry brifk. 

s 

. "High Winds. . '; " ; 

. - 

.Very high. 

1 Alrorii or tempeft; - 
:Ajh-ei florin. '.'. 
vAnuriScarie. 
\ A ^huiricane that teajs 

\ip trees, and carries Ibuilclinjs, &c« before it. 


The force of the"Win<l is. as the.fquare of its velocity. 

,1 11 . i n !■ j 1 ■ ■ ■ n p»*ip > .^» ■■'■■! » » ) *> m+mmmmmmm+—+m-mmm~ ^- 


I 


• That the force ,of the wind is as. the 
Square of its velocity, I have often proved 

"by experiments made on. my Whirling 
Table. ""' ? • * ' ' - 
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Of the, difference between the apparent 

Level and the true, 

' * 4 

» « 

When a plumb line hangs freely, it 
hangs dire&ly toward the center of the 
earth : and a right line, eroding the. 
direction of the plumb line at right an- 
gles, and touching the Earth's furface 
juft below the plummet, is a level at 
that point of the Earth's furface. Butj 
if this right line be continued from that 
point, ' keeping ftill perpendicular to 
the plumb line, it will rife above the 
Earth's furface, becaufe the Earth .is of 
a globular fhape : and this rifing will 
be as the fquare of the diftance to which, 
thefaid right line is produced. That 
is, however much it rifes above the fur- 5 
face at one mile's diftance, it will rife 
four times as much at the diftance b£ 
two tailes; nine times as. much at thei 
diftajice : of three miles'; fix teen times' 
as' rrfuch at the diftance of four miles : 
and fo on.- And therefore, if two le-. 
vols are taken at two points of the 

Earth's 
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t 

Earth's furrace which are at any con- 
fiderable diftance (as fuppofe a mile) 
from each , other, the level lines pro- 
duced will interject each other at a cer- 
tain angle : and although either of 
them, (b produced, will appear to be a 
true level, yet it can be fo only at that 
point of the Earth's furface from which 
it was produced ; not at any other. 

The height to which a level line, pro- 
duced from any given place, rifes above 
any other place, is the height of the 
apparent level above the true at that 
other place: the quantity of which 
height is (hewn by the following Table, 
for all diftances within the length of* a 
degree of a great circle upon the Earth's 
furface. There is a Table "of the fame 
fort in Dr. Long* s Aftronomy, which 
differs but two inches from this (which 
I have computed) in the height of the 
apparent level above the true, for a 
whole degree, or 60 geographical miles J 
which are longer than 60 Engltfh miles 
by 48840 feet. 


# 


4 

[ 2 4i ] 

By the moft accurate meafures o£ 
the length of a degree on the Earth's fur- 
face, the whole 360 degrees of the Earth's 
circumference contain 131630400 feet, 
or. 24930 Englilh miles: which in 
geographical miles (allowing 60 to a 
.degree of a great circle) make only 
21600. So that, a geographical mile 
contains 6094 feet, which exceeds the 
length of an Englilh mile by 814. 

In the Table, a geographical mile 
(which I have often thought ihould be 
,the univerfal ftandard length of a mile) 
is called a minute, becaufe it is the 60th ~ 
part of a degree ; and the 60th part of 
fuch a mile is called z.fecond. 

As the furface of water naturally an- 
fwers to the .curvature of the Earth's 
furface (fuppoiing no hills or eminencies 
thereon) 'tis plain that if a long ftraight 
channel was made, fo as to have its 
middle part level at any part of the 
Earth's furface, and the reft continued 
out both ways in direction of an ap- 
parent level from that- place j if water 
fhould come in . at either end of the 

I i channel, 


L 
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channel, it would run to the middle 
thereof: and, if the channel was all of 
an equal depth, the water would run 
dver .at; the middle before the channel 
could be filled at both its ends. And 
jconfequently, if a diftant fpring appeared 
fey a levelling inftrument to be juft on 
d level with the houfe, the water might 
be brought in a ftraight channel from 
the fpring to the houfe; or in pipes, 
if there was an intervening valley; be- 
caufe the water will rife in crooked 
pipes, till its furface at both ends is 
equally diftant from the Earth's center. 


» * 


ATM 


r 
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\A Table (hewing the height of the af- 
parent level above the true, tq , the 
iQQodtf} part of an Inch* - - - - 


Seconds. 


u 

2 

cu 

•a 

u-, 
o 
o 

' V 

c* 

GU 
« 

*-• 

a 

o 
03 

<8 

IS* 

o 

O 

r£3 


V 

u 

S3 
c* 

J* 


I 

2 

3 
4 


7 
8 

9 

:o 

I 

2 

3 

7 

5 
1 6 

7 
8 

19 

20 
21 
22 

23 

24 

II 

27 
28 

29 
3° 


FeQt. Inches. 


CO 

c 

p 
o 

CO 


O 

3 
CU 
V 


to 


CU 

cu 
u 


.-203 
304 
406 

£°7 
609 

812 
914 

;ii7 
218 

320 

[421 

S 2 3 
1625 

726 

1828 
[929 
2031 
2132 

2234 
2336 

2437 

2539 
2640 

2742 

2«43 

294* 
3047 


6.8 
1.6 

8.4 
3.2 

100 
4.8 

11.6 
6.4 
1.2 
8p 

2,8 

9.6 
4-4 

6.0 

o.3 

7.6 
2.4 

9.2 

4° 
16.8 

5.6 

0.4 

7-2 

2.0 

8.S 

3.6 
10.4 

52 
0.0 


Inches. 


»— * 
:3 

*•: 

3 
1) 

■a- 

CU 

> 
O 

c3 

CU 

> 
CU« 


G 
cu. 

I-. 

M- 
Ot 

C-. 

re* 

cu 

•a 
*♦* 

o 

• i-« 
cu 

« 

CD 

•S 




; O.C**3 

* O.0I2 

* O.9527 
O.O48 

I O.O74 

• O.I 06 

' °- x 45 
,. 0.189 

. o.»39 

.4 01^5 

> ° 357 

. 0.425 

0.499 

• °-$79 
. 0.665 

0.756 

0.8^4 

0.947 

0.067 

1. 182 

'•303 
1 .420 
1.563 
1.702 
1.847 
2.001 

• 2.154 
2.316 
2.485 

2 6S9 I 


I 


1 2 


7& 


Seconds. 


[ 24+ ] 

The Table continued. 



31 


32 



33 

14 

34 

2 

35 

i 

§6 
37 



38 

•a 

39 

O 

4° 

J 

4 1 
4* 


43 

•s 

44 

6 

3 

£ 

& 

47 

, v 

4« 

■* 

49 



3 

5° 
5? 



5* 

& 

53 


54 


55 

-a 

5$ 


57 

• f* 

58 

^ 

*9 

m 

- 00 


Feet. Inches. 


e 

c 

13 


I 

1 
•I 

O 

a. 


IS 

50 

OS 


d 

a 


3H» 

3 2 S° 
335i 
3453 

3656 

3757 

38§9 
3961 

4062 

4164 

4*6$ 

43^7 
4468 

4570 
4672 

4773 
4875 
4976 
5078 

5i79 
5281 

5383 

5484 
5586 

5687 

5789 
5890 

5992 
£o94 


6.8 
1.6 
8.4 
3.2 

1 0.0 
4.8 

1 1.6 
6.4 
1.2 
8.6 
2.8 
9*6 

•44 
11. 2 

6.0 

0.8 

7.6 

2.4 

9.2 

10.8 

*5-6 

0.4 

7-* 
2.0 

8.8 

3.6 
10.4 

'5.2 
0.0 


2 

0> 

u 

> 

o 

OS 

••* 

► 
1> 


a 




Inches- 

2:839 
3.020 
J-2i$ 
^416 
3*619 
3-829 

4'94J 
4.267 

4494 

47 2 * 

4-tffr 
5.21a 

5-4°) 
5.72P 

6.2J2 
6.527 

6.808 
7-°94 

7 l5 7 
7.% 

7.9*9 

8.300 

8.6*6 

8.9)8 

9-W 

9.6^0 

9.9*0 
10.285 

10.637 


•*-**• 


Tfe 


C 2 45 ] 


> 
• 


The Table continued. 

» 

'■ ■■* 


,, Minutes. 

• 

Feet. 


Feet. 

Inches. 


«-^» 

i 

\ 

6094, 

V 



10.637 

• 


2 

o- 

12188 


3 

6,548, 

I 

! 

1* 

3 


18282 


7 

ll -73 1. 


4 

§ 

M376 


H 

2.191* 

i 

2 

5 

§ 

30479 

£ 

22 

*:-9 z i 


.&4 

6 

7 

•8 

8 

36564 
42658 

~4 

3* 
4 2 ' 

10.929 
pzo$ 
g.763 

t 
• 


8 

.3 

48752 

ss 

56 


•s 

9 

CO 

54 8 46 

fc 

7i 

9*591 

4 


16 

•3 

60949 



88 

7*69 i 



II 

S 

« « 

67034 

4m» 

107 

3.067 
7.716 



12 


73!*8 

> 
O 

127 

1 

9} 

1 3 


79222 

at 

149 

I0.O2J 


4-» 

H 

ti 

85316- 

"0 

*73 

8.836 

I 

6 

o 

;i • 

O 

&« 

91413 
975P4 

4-* 

199 
226 

5'307 
II.O52 


<4J 

*7 

•3 3 

C03598 

M 
g 

256 

2.07D 



18 . 

.a 1 

u J 

[ 09692 

3 

287 

2.36a 

\ 

.•§. 

19 

"a '> 

1 15786. 


319 

II.928 

• 
» 


2Q 
21 


121800 

[27974 

•% 

W* 

354 
390 

6.768 
10.882 

' 

O 

22 


[34068 

O 

429 

O.269 

; 

o 

^3 


I 40162 

•81 

468 

IO.93I 


J 

H 

§ ' 

146256 


510 

6.866 



*£ 

*2 i 

*S*359 


554 

0*075 

« 

J8 

* 

*> 1 

s 

158444 

JC3 

9% 

*:55* 



*7 


164538 


646 

Z3*S 

t 

28 

3- ] 

[76632 


694 

"•345 

4 
i 


29 

J > 

[76726 


745; 

5-649 

i 

MliMMM^^ 

3° 


182820 

* 

797 

9.9*8 


TZe 


J 
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mu 


* 


»#• 


Min»fa&. 


«MN 


I • » » f 




^ : <g 


3»° 
32-. 

33- 
34" 

36 ; 


The Table concluded. 
~ -t 


FMt. 


•3 0. 

37 

I 

3?' 

• -s 

39 

• *s. 

40 

' § 

41 


42 


43 

-a- 
4-4 

44 • 

• •■ § 

45 ' 

■'■£ ■ 

4 6; . 

<Z 

47 % 


48 : 

; 

49 

; 41 

5° 

•-*,- 



5 1 

- a 

S3" 
54'' : 

1 . *9 

55' • 


56: -• 


57- 

1 

58 • 

f 

59 * 

1 ■ ' " 60 


1-88914 
2! 195008 

3 210!©2 
207196 
29329O 
2I9384 

225478 

WSJ* 

243760 
249854 

*5594* 
262042 

268136 

27423d 

280324 

6864 r 8 

2925 I2> 
298606 
50470O 

3^794' 
316888 

32298.2 

329076' 

335.17° 
341264 

■34735* 

3534.?* 

35954^ 
365640 


o 
6 


03/ 


Wf 
<u 

a- 
o 

3 
4> 

"E 
•3 

<U 

a 

•r-» 

4 


■ * • 

: 4 


O 


§ 

^5 


q 

« , 

# 

4. 


Irich^s. 


851. 
907 

965- 
024 

085" 

148 

215 

279, 

34*' 
418 

49a 
563 

7*5 . 

794 

875- 

958 

2042 
2128 
2216 
230$ - 

2396 : 
2489 
2584 - 
2681 . 
2779 
2879 
298 J 
3685 . 

3I9 1 


IO 080 
8.206 

3,606 

£280! 

1^227 

9.448 

5-493 
11.712 

*-75$ 

3*7**1 
0*663* 

7*5 2 1, 
it.665 

i. ©77 

11.763 

7-7^51' 
0.956 

3.464* 

3**45* 
0.300' 

10,232 
11.10$ 

4*683 
9.^81 

1 r.353 
10.^98 

7.199 
0.912 


i- , 


■■• 


By 
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By; - the preceding Table, ; the length 
of an arc, in feet and inches, on the 
Earth's furface, » may be found ; if it* 
meafqre be known, in minutes and fei 
oonds of a degree. Thus, fuppofe th« 
length- of the ate be 10 feconds, which 
is the, fixth part of a geographical mik$ 
its . meafure is i o i c feet, 8 inches : and 
an arc of one minute of a degree, which 
is one geographical mile, is found to be 
6094 feet. 

We may alfo find how far one can 
fee in a true horizon at fea, when the 
eye is raifecV to "any given height above 
the furface of the water. : Thus, fuppofe 
the eye of an obferver on a ihip at fe» 
to be 22 feet, 2 inches, above the fur- 
face of the fea, he will fee to the dir 
fiance of 3047c. feet all arouod him*; 
or to the diftance of 5 geographical 
niiles: for againft 22 feet, 1.923 (which 
may be efteemed 2) inches, in the right 
hand column, is 30470 feet, in the 
middle column; and 5 minutes or geo- 
graphical miles in the firft. 

Again, 
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Again, fuppofing that a gentleman; 
was to make a canal in a piece of ground 
which is half a geographical mile 
long, and appeared to be truly level by 
the common levelling inftrument; this 
being 30 feconds of a degree, or 3047. 
feet, in length, the height of the appa- 
rent level above the true, at that di- 
(lance, is 2.659 inches: and fo much 
muft the farther end of the ground be 
funk, in order to have the water equally 
near the furface of the ground at both 
ends of the canal. 

Once more; fuppofe an .obferver to 
have his eye dole at the furface of the 
fea, and that he then juft fees the top 
of a mountain in the fea, whole diftance 
he knows to be juft 60 geographical 
miles, or 365640 feet; the perpen- 
dicular height of that mountain, above 
the furface of the fea, is 3 191 feet and 
t% parts of an inch. 

If the diftance of the mountain fb 
feen be more than 60 geographical 
miles, which is without the reach of 

the 
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of the Table; yet its height may be 
fpund by the Table, in the following 
riranner. 

Suppofe the diftance of the mountain 
to be go geographical miles, or a degree 
and aft half, in a great "circle upon the 
jfearth : take half the given number of 
miles or minutes, which is 45; and 
multiply the height of the apparent 
level above the true, at that diftance, 
by 4:, and the, producl: will give the 
perpendicular height of the mountain. 
Thus, againft 45 minutes you have the 
height 1794 feet, 11.7 63 inches; 
which multiplied by 4, gives 7917 feet, 
1 1.052 incnes, for the height of the 
mountain above the furface of the fea. 

According to the meafures in the Ta- 
ble, a degree of a great circle upon the 
Earth contains 694. Englifh miles. 

Of the Mechanical Powers; and of Fri&ion. 

From the moft fimplemachine to the 
moft compound Engine, the power or 

Kk advantage 
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advantage gained is always as much as 
'<—'-;'< ..the velocity of the moving power ex* 
j : y ceeds the velocity „of the weight or re- 
Y liftance that is moved; making proper 
allowance for the fri&ion of the machine 
or . engine. So that, if the working 
power moves through a fpace of ten^ 
or an- hundred, or a thoufand inches, 
whilft the weight or- refiftance moves 
< only through the fpace of one inch; 
the perfon-' who works " the machine or 
engine (fuppofing it tb have no friction) 
could -raife - ten, or an hundred,- or a 
. thoufand times as much weight as he 
could do by- his natural ftrength without 
it. But the time that is loft will be al- 
ways as much as the power that is gained. 
The fimple machines by which powd- 
er is gained, are fix in number; viz* 
the Lever, the Wheel and Axle, the 
Putties r the Inclined Plane, the lVedge\ 
and the Screw. Of thefe. fix fimple 
machines, all the rnoft compound engines 
are made : for we know of no othei; 
(imple machines by which power can 
be gained. ,. ' ~ \ 

i. A Fever 
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I . A lever is a bar laid over any prop 
that will fupport the weight upon it.. 
If the prop be under the middle of the 
lever, no advantage is gained by it ; for, 
as faft as a man pumes down one end, 
the power rifes on the other. To gain 
power by it, the length of the part or 
arm between the man and the prop 
muft be greater than the length of the 
part or arm between the prop and the 
weight. And then*, as much power 
will be gained as the length of the longer 
arm exceeds the length of the fhorter. 
: 2. If an axle turns upon its gudg- 
eons, and is fixt into a wheel ; and if 
a rope that raifes the weight coils round * * 
the axle, whilft a man pulls a rope that !!7fiju 
was put round the wheel; the power 
gained will be as much as the diameter 
of the wheel, added to the diameter of 
the rope, exceeds the diameter of the 
axle added to the. diameter of the rope 
that coils round it. 

3. In the pullies, the power gained 
is equal to* twice tjie ntimbefc of jwllies 
in .the lower block, to which the weight 

K k 2 is 
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i& fufpended. So that the power gained 
is always in proportion to the number 
of parts of the rope by which the lower 
block and weight are fufpended. !••:. ' 
4. In the inclined plane, or half 
wedge, the power gained is as much is 
the length of the machine exceeds its 
thicknefs at the back, on which the 
ftroke is given by the fledge or mallet 
. that drives the machine. 

$. In the wedge, the power gained 

, is as much as the length of both the fides 

of the wedge, taken together, exceeds 

the thicknefs of its back, on which the 

blow is ftruck by the hammer or mallet. 

z *6. In the fcrew, the power gained 

4i*%' is as much as the circumference of the 

*^ circle defcribed by the working power,. 

that tiiirns the fcrew, exceeds the diilaike 

betfween the threads or fpirals of -the 

fcrew. 

In the lever, the fri&iort is nothing. 
In the wheel and axle it is as fmall as 
the ^diameter of the gudgeons (added to 
the power fequirecl to bend the rope) is 
le6 than the -diameter of the wheel; 

but 
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• * *■ * 

but it increafes according to the weight 
with which the axle is charged. The 
like might be (aid of the puHies, if they 
did not rub againft one another, or 
again ft the fides of the mortifes in the 
block where they are placed. A new 
*ope of i inch diameter, going over a 
pulley 3 inches diameter, and pulled 
with : a force equal to 5 pounds, requires 
a force of 1 pound to bend it; and a 
rope two inches diameter requires four 
time* as much force. In the inclined 
plane, wedge, and fcrew, the friction is 
at leaft equal to the power, becaufe 
they will fuftain the weight in any po- 
fition when the power is taken off. 

Wood greafed, or metal oiled, have 
nearly the lame fri&ion ; and the fmocK 
ther they are their fri&ion is the lefs. 
Yet metals may be fo highly polimed, 
as to have their friction increafed by the 
oobefion of their parts. 

Wood Aides eafier upon the ground 

. in wet weather than in dry ; and eafier 

-sthan an equal weight of iron in, dry 

Weather : < but iron, Aides eafier than 

wood 
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wood in wet weather. Iron or fteel 
running in brafs has the lead friction 
of any. Lead makes a great deal of re- 
finance. In wood acting upon wood, 
greafe makes the motion at lead twice 
as.eafy. Wheel naves greafed or tarred 
go four times as eafy as when wet. 

Smooth foft wood, moving' upon 
fraooth foft wood, has a friction equal 
to about a. third part of the weight. In 
rough wood, the friction is almoft equal 
to half the weight. In foft wood upon 
hard, or hard upon foft, the friction is 
equal to about a fifth part of the 
weight. 

In polifhed fteel moving upon po- 
1 i{hed fteel or pewter, the friction is 
about a fourth part of the weight : on 
copper a fifth part, and on brafs a fixth 
part .of the . weight. Metals of the fame 
fort have more friction than different 
(arts* *. 

la general, the friction increafes io 
the fame proportion with the weight. 
The friction is alia greater with a great- 
er 
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er velocity j but not fo great, in pro- 
portion, as the increafe of velocity. 

To have the friction of machines as 
little as poffible, they ought to be made 
of the feweft and fimpleft parts. The 
diameters of the wheels and pullies ought 
tfo be large, and the gudgeons of the 
axles as fmali as can be confident with 
their required ftrength. The fides of 
the pullies ought not to be all over flat, 
but to have a fmall rifing in the middle; 
to keep them from rubbing againft each 
others fides, and againft the fides of 
their : mortifes, at a diftance from their- 
axles. All the cords and ropes ought 
to be as pliable as poflible 5 and for that 
end, rubbed with greafe. The teeth- 
of the wheels fhould juft fit and fill the; 

* openings, fo as neither to be fqueezed? 

, nor (hake therein. All the parts, which- 
work into or upon one another ought' 
to be fmooth, the gudgeons ought juft' 
to fill their holes, and the working parts' 
muft be grealed. The rounds or ftaves 
6f the trundles may be made to turn 
about' upon iron fpindles fixt in the 

round 
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round end boards, which will take off a 
great deal of.fri&jon. ; . - . 

Let the ftrength of all the parts be m 
proportion to the ftrefs they are to bear 5 
fo-as they may kit equally well. He 
is by do means a perfect mechanic who 
does not only adjuft the ftrength to the 
ftrefc,. but alfo contrive all the parts to 
Jaft foas-that one (hall not fail before 
another* 

When: any motion k to be long con- 
tinued, contrive the machine fo, as that 
the working power may always move 
or a<3: one way, if it can be done. , For 
this -is better and eafier performed than 
when the motion is interrupted, by the 
power's being forced to move fir ft, onje* 
way and then another; becaufe every, • 
new change of motion requires a new., 
additional force to effeft it, and a boo^f. 
in motion cannot Suddenly receive ^. 
contrary motion without greaf violeqce^ 
and danger of tearing the raachipe tp t 
pieces, Bqt v when, the- -nature of thfi, 
thing requires that a> inotion fhpuld be^ 
fucjdenly communicated to a body, of 1 

fuddenly 
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ftdpt; let the force a£ againft 
fome tptib^, :T to present the machine's 
being damaged by a. fudden jolt 

When a . machine is moved t by two 
handles or Winches ott the ends of an 
axle* the handles aire fo placed, as that 
when one is up the other is down ! 
which is the worft way poflible of pla- 
cing them* &ve that of their being. both 
up or dbWn together. For, when a 
man raifes a Weight by means of taming 
a Wirtchj he lbfes half his force wheri 
the winch is upward, becaufe he'-piifbes 
himfelf as much backward as tie pu&es 
the winch forward ; and when the handle 
of the winch is down, directly below 
the axle, he lofes half his force, becaufe 
the winch pulls him- as much toward it 
'as* he pulls it toward him t and ..there* 
fore, the greateft effect of his 1 force on 
the machine is when he either pulls the 
winch upward, on the fide of the/ axle; 
next to him, or pu(hes it downward: on. 
the fide farthefi from him: yet* even, 
in thefe cafes, the pulling force is ftcon- 

ger than the pitfhing. 

LI In 


In order to remedy this defeat, as 
much as pofiiblej the handles ftioulcl 
be fo placed, as to ftand at right angles 
to one another : and then, when there . 
is a man at each handle, the effect of 
the one man's force will be greateft 
when the effect of the other man's is 
leaft, upon the machine. Whereas, in 
the common way of placing thefe han- 
dles, when the effect of one man's force 
is the greateft, the other man's is fo too \. 
and when the effect of that man's force 
is the leaft, fo alfo is the other's ; which 
is working at the greateft difadvantage 
poflible. 

ji mechanical tsoay of laying down the Suns 
Declination rights againft the days of 
the months ) either on a circular or rec- 
tilineal Scale, - 

• The Sun's declination is ufeful on 
many accounts ; and remarkably fo in 
thofe kinds of Sun dials which are fo 
conftruded, as that they may be let 

true, 
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true, in any place where. the Sun (tines, 
without the help of a ineridian line ; 
becaufe, when they are truly .level, and 
have the Sun's declination laid down on 

r m 

their ftiles, the dial itfelf being a circular 
plate placed on the middle of the ftile, 
and at right angles thereto; if the dial 
be turned about till the fhadow of the 
circular plate touches the Sun's decli-; 
nation for the giyen day, the dial will 
then be truly placed, and the ftile (which 
will be in the plaue of the meridian), 
will caft a fhadow on the true folar time 
of the day. This is the cafe in M. 
Pardies univerfal dial, which is one of 
the beft- I know of; and which the 
reader .will find particularly. deicri bed in 
my Mechanical Lectures, fold by Mr. 
Cadelly Bookieller in the Strand, London. 
, There are Tables near the beginning 
of this book which ihew the quantity « 
of the Sun's decination at the Noon' of 
every day qf the fecond year after Leap- 
year, which is the neareft mean of. all 
the fo\jr years. But, as the declination 
very feldom conies to integral degrees 

L l 2 at 
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at Noon, it is difficult by thefe Tables 
to know at what time of the day the 
declination will amount to com pleat 
degrees without fractions ; and confer 
quently it is difficult to lay down the 
whole degrees thereof againft the pro- 
per times of the days of the year, in a 
fcale of months; although eyery day 
in the, {bale {hould be divided into four 
equal parts, each whereof contains 6 
hours. 

> 

To avoid this difficulty, I have cal- 
culated the following Table, for {hewing 
the times, to the neareft hour of the 
day, when the SonYdeclination amounts 
to com pleat degrees without fractions* 
Thus, fuppofing it was required to find 
on what days of the year, and 'at what 
hours of thefe days, the Sun's declina- 
tion was juft 9 degrees ? Look for 9 
in the declination columns, and againft 
it you will find April J2, at 16 hours 
(reckoned forward from the Noon of 
the day) Auguft 30th, at o hours (or 
at Noon) October 16th at 3 frours paft 

Noon, 
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Noon, and Feb. 25th at 1 hour pad 
Noon* 

Now, if the 3 65. days of the year 
be laid down on a fcale, and each day 
be divided into 4 equal parts thereon, 
in {hotter ftrokas than thofe which mark 
the Noons of the integral days; each: 
fubdivifioa by the fhorter ftrokes- will 1 
reprefent 6 hours, and. any one rnavt 
truft' to the accuracy of his eye in pla- 
cing the divifions for the whole degrees! 
of declination at or between thefe fub- 
divilions of the days, as they arc fhewni 
by the Table to be at o hours (orNoon)j 
6 hours, i2, or 18 hours after Noon;, 
or at any time fooner or later. 


A Table 
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A Tqble Jhewing at what times the Surij 
decimation is whole degrees, and his 
Place in the Ecliptic at thofe times. '. 


a 

o 

• 

as 

• 

North De- 
clination, 
increafes 
in 

Sun's Place 
' in the 
Ecliptic. 

1' ^ 

• 
Peg. 

I 
ST 

North De- 
clination 
decreafes 
in 

Sun's Place 
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Ecliptic. 

Pegj 

Mon.D.H. 

m 

s. 

' 

Mon.D.K. 

S. 
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o 

Mar, 20 ' 5 

'T 

; 

June 2i' 5 

is 

O 

i 
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*"33 

23 

July 3 1 
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2 
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22 
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3 

2% 20 


7 33 

21. 
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2$ S 6 

4 
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20 
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sv 

052 
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• 
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l 9 

28 2 


S J 3 

6 

4 14 
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l8 

Aug, 1 4 
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7 

7 7 
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17 

- ' 5 «> 
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, 8 

9 23 


20 -27 

l6 

8 13 


10 14 

9 

12 16 


*3 7 

*S 

11 23 


19 29 

io 

15 11 


2C. 50' 

28 37 

M- 

15 S 


« 37 

ii 

18 7 


13 

18 8 

t 

25 38 

12 

21 6 

6 

1 27 

12 

21 9 
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13 

24 7 


4 22 

11 

*4 7 

* 

1 23 

x 4 

27 8 
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4 10 

*S 

30 13 


10 31 

9 

30 
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16 
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13 4 6 

8 
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9 33 

*7 

7 11 


17 12 

7 
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i8 
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6 
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14 48 

*9 

15 9 

H 47 

5 

9 18 

• 

17 21 

20 

- 19 20} 
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4 

J2 9 


19 55 

« 

2£ I 

n 
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3 

15 O 
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22 
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2 
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«3 
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18 41 

1 
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27 27 

I 

— 2-J 
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22 17 
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s? 

• 

CO 

• 

South Dc 
clination 
increases 

• 

in 

Sun's Place 

in the 

Ecliptic. 



« 
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• 
Deg. 

South De- 
clination 
decreafes 
in 

"l 

Sun's Place 
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Ecliptic. 

* 

Deg. 

Mon.D.H, f S. 
i 

' 

Mon.D.H. 

S. * ' ' 

o 

Sept. 2 a 17^ 



Dec. 21 9 

V? a 

• i 

25 9 


2 33 

*3 

Jan. 1 6 

ii* 19 

- 

2 

27. 20 
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22 

9 16 
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3 

30 9 


7 33 

21 

15 14 
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4 

O&. 2 23 
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20 
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sz 0.52 


5 
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12 39 

J 9 

24 16 
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6 
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15 12 

18 

28 13 

9 9 


7 
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17 
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I2 <4 8 


8 
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20 27 

16 

4 1 3 

16 14 


9 
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■ 
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10 19 
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. 

13 
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. 
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11 
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j 

14 
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9 
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6 53 
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8 

27 16 
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17 
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7 

Mar. 2 7 
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18 
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6 
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*9 
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5 
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4 
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• 

21 
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3 
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» 
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2 
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A 'table jhemng the Latitudes and Longi* 

■ iU£ ^ s °f a g reai *nany ^remarkable Pla- 
ces \ and what the timet are at London 
<wben it is Nom at thofe places* 

H. fignifies North Latitude, S. South 
Latitude % E. Eaft Longitude, W. 
tVefi\ Longitude, from the meridian of 
London; F. Forenoon* and A. After* 
noon, at London. 


■■ 1 

Noon at » 

Aberdeen 

Abo „ 

Adrianpple 

Aleopp 

Algiers 

Amiterdam . 

Annapolis Royal 

Archangel 

Aftracal 

Azoph 

Bagdat. 

Barcelona 

Bttdvia. 

Bencooren 

Bbilia -. 

Bern 

Bologna 

Bombay^ 

Boffan 

Bridge Town 

Briftol 

Bniflels 

Buda 

Buenos Ayres 

Cadis 

Caieo <gracd) 


' Latitude. 

■/ 

57 

lo N. 

00 

3o 

N. 

4* 

00 

N. 

36 

30 

N. 

: 36 40 

N. 

5 2 

JO 

N. 

45 

tfo N. 

^4 34 

N. 

47 

00 

N. 

47 

«5 

N. 

33 40 

N. 

x 4i 

ab-N. 

47 
6 

£ 

N. 

S 

4 

OO 

s. 

* * fewi^ 

■33 

Nv- 

57 

00 

N. 

44 *9 

N. 

I* 

30 

N. 

4* 

H 

N. 

13 

00 

N. 

5* 

3o, 

N. 

5i 

00 

N. 

47 40 

N. 

34 35 

S* 

36 

3i 

N. 

30 

a 

N. 


Longitude, 

o ' 

1 45 W. 
.21 30- £. ; 

26 30 E. 

37 4P & 

3 20 £. 

4 3o E. 
64 00 W. 

39 00 E. 

50-00 £. 

44 09 E< 
43 00- E. 

a 00 E. 

7. 40 . E. 

106 oo- E. 

101 oo* E* p 

13- 5* -E/ : - 

7 20 E. 

11 26 E. 

72 00 E. 

71 00 W. 

59 00 W. 

2 40 W. 
4 6 £. 

19 20 E. 
<8 26 W. 

31 31 E« 


Time 

ft 

XII 

X 

X 

IX 

XI 

XI 

IV 

IX 

vr» 

IX 
IX 
XI 

XI 
IV 
V 
XI 

XI 
XI 

vu 

IV 

III 

XII 

XI 

X 

1U 

XII 

IX 


at London 


1 

34 

H 
39 

47 
4* 


A. 

R 

F, 
F. 
F« 


16 A< 

24 F. 


40. 

4 
8 

5*- 

16 

3* 

«4 

ia 

44 

56 
11 

44 
43 
54 


F, . 

F, 

F. . 

F. 

F. 

F- 

F. 

ft 

F« 

F. 

F. 

A- 

A. 

A. 

F. 

F. 

A. 


24 A. 

54 F. 


Candy 
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7:he Table continued* 


Noon at 

Candy, in Ceylm 

Cape goad Hope 

Canton 

Cape Horn 

Carthagena 

Cayenne 

Charles Town 

Conftantinople 

Copenhagen 

Corke 

Cracow 

Damafcns 

Dantzick 
Delly 

Domingo, St< 

Drefden 

Dublin 

Edinburgh 

Eraerum 

Exeter 

Fez 

Florence 

Geneva 

Genoa 

Gla^ow 

Goa' 

Hague 

Hamburgh 

Hanover 

Havannah 

Helena,. St. 

J ago, St. Jammed 
agt, St. Cuba 
ames Town 

JerAfalem 

Ifpahan 

KinkRoatfamak* 

Leghorn. \ 

hefdert 

Luna . ;. 

Liflboiv /. 


Latitude. 


8 

33 
23 

.57 
ii 

5 
3* 

41 
55 
S* 
So 

33 
18 

28 

18 

5' 

53 

55 

39 

SO 

33 

43 
46 

44 
55 
'5 
5* 
54 
5* 
23 
16 

18 

.20 

\fl 
3* 
3* 
*1 
43 

1* 

12 

48 


Longitude 

o ' 


00 N, 

55 £ 

25 N. 

30 S. 
00 N. 
00 N. 
30 N. 
00 N. 
41 N. 
40 N. 
10 N. 

15 N< 
36 N. 
00 N. 
20 N. 
00 N- 

16 N. 
58 N. 
56 N, 
44 N. 
30 ». 
46 N. 
1* N. 

30 N. 
50 N. 

31 N. 
10 N 
00 N. 
3* N. 
00 N* 
00 S. 
so N. 
00 N. 
30 N. 
50 N* 
*$ N. 
30 N. 
So N. 
j« N. 

1 S. 
44 N, 
M 


79 00 

18 35 
112 30 

80 00 

77 00 

53 00 
79 00 
29 00 

12 50 

8 25 

«9 55 

37 *0 

54 ** 

78 30 

70 00 

13 36 

6 25 

3 00 

4831 
3 40 


6 

11 

6 

9 

4 


00 

7 

*5 

3* 
8 


73 5° 

4 00 

9 40 

9 35 
84 00 

6 00 

76 30 

76 31 

70* OQ 

35 *5 

5* 5* 

71 <w 
u OQ 

4 09 

*f 34 
* *5 


Ew 

E. 

E. 

W. 

W< 

w. 
w. 

B. 

E. 
W. 

E. 

E. 

E 

E. 
W. 

E. 
W. 
W. 

E. 
W. 
W. 

E. 

E. 

E 
W. 

E. 


E. 

E. 

E, 
W. 
W. 
W, 
W. 
W.J 

E. 

E. 
W 

e. : ! 

■E.j 


Time 

H. 

VI 

X 

IV 

V 

V 

in 

v 

X 
XI 

XII 

X 

IX 

VIII 

VI 

IV 

XI 

XII 

XII 

VIII 

XII 

XII 

XI 

XI 

XI 

XII 

VII 

XI 

XI 

XI 

V 

XII 

V 

V 

V 

IX 

VIII 

V 

XI 

XI 

V 

XII 


m 


at London* 

M. 

44 F* 

46 F. 

30 F. 

20 A. 

8 A. 

32 A. 

16 A. 

4 F. 

9 F* 

34 A. 

40 F- 

30 F. 

23 Fi 
46 F, 
40 A\ 

6 F< . 

26 A. 

12 A* 

46 F. 

15 A* 

24 A* 

16 F. 

34 *- 
22 F. 

16 A* 

s f: 

48 F. 

21 F. 

»a F. 

36 A. 

*4 A* 
4 A. 

6. A. 
4 4- 

3* F. 

28 F. 

8 A* 

16 F. 

44 F> 

24 ,A» 

I#).oo:« 
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'The Table continued* 


Noon at 

Latitude. 

o / 

Longitude. 
< 

Time at London* 
H. M. 

London 

51 30 N. 

00 ' 

XII 

Noon 

Louifbourg 

45 54 N. 

59 Si W. 

111 

^ m & B 

50 A. 

Madrid 

40 25 N. 

3 5? W. 

XII 

15 A. 

Mahon Port 

39 & N - 

4 6 E. 

XI 

44 F. 

Malacca 

2 12 N 

102 9 £. 

V 

12 F. 

Malaga 

36 40 N. 

4 45 W. 

xii 

19 A. 

Mantua 

42 20 N. 

11 15 E. 

XI 

16 F. 

Mecca 

21 20 N. 

43 30 E. 

IX 

6 F. 

Mexico, Anur. 

20 00 N 

103 35 W. 

VI 

54 A. 

Milan 

45 2 5 N * 

,9 25 E. 

XI 

22 F. 

Mofcow 

SS 4* N.' 

37 5 1 E. 

IX 

29 F# 

Nanking 

32 00 N. 

itt 30 E. 

IV 

4 

6 F. 

Naples 

40 ji N. 

14 19* E. 

XI 

3 F, 

Norwich 

52 40 N. 

1 26 E. 

XI 

54 £ 

Nurimburg 

49 27 N. 

n 9 E. 

XI 

15 F. 

Ormus 

2 7 3° N. 

56 od E. 

VIII 

16 F. 

Ofnaburg 

S 2 3* N# 

7 40 E. 

XI 

29 F. 

Oxford 

5 1 4* N. 

1 15 E. 

XI 

te £ 

Palermo 

38 30 N. 

13 00 E. 

XI 

8 F. 

Palmyra 

33 00 N. 

39 00 E. 

IX 

24 F- 

Panama 

9 00 N. 

82 00 W. 

V 

28 A. 

Paris 

48 50 N. 

2 25 E. 

XI 

5° £ 

Pegu 

17 30 N. 

97 00 E. 

V 

32 F. 

Peking 

39 54 N. 

116 28 E. 

IV 

14 F. 

Perth 

56 25 N. 

3 10 W. 

XII 

13 A. 

Peterfburg 

59 58 N. 

30 2Q E. 

IX 

5! I- 

Philadelphia 

4° 50 N. 

74 00 W. 

IV 

5 6 f 

Plymouth 

50 26 N. 

4 27 w. 

XII 

18 A. 

Pondicherry 

xi 56 N. 

79 S3 E. 

VI 

40 F. 

Porto Bello 

9 33 N. 

79 5o W. 

V 

19 A. 

Port Royal, Jam* 

17 30 N. 

77 00 W. 

V 

8 A. 

Portfmouth 

50 48 N. 

1 6 w. 

XII 

6 F. 

Prague- 
Pre/burg 

50 00 N. 

14 20 E« 

XI 

3 -F. 

48 20 N. 

• * 

17 30 E. 

X 

50 F. 

Quebec 

4 a 55 N. 

69 48 Wr 

IV . 

39 A * 

Rhodes 

3 6 20 N. 

28 00 E. 

X 

8 F. 

Rome - 

4 1 54 N. 

12 30 E. 

XI 

10 . F. 

Rotterdam 

52 00 N. 

4 20 E* 

XI 

43 F. 

Salisbury 

£i 6 N. 

1 15 W; 

XII 

5 A. 

Sarnarcand 

40 00 N. 
56 1 5 N.I 

66 00 E. 

VII 

36 F. 

Scanderoon 

37 00 E. 

IX 

32 F. 





SeviUe 
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1%e Tabk concluded* 


Noon at 

Latitude 

Longitude 
' 

Seville 

37 IS N. 

600W, 

Siam 

14 18 N. 

100 50 E. 

Stockholm 

59 20 .N. 

19 25 £. 

Strafburg 

48 35 N. 

7 5* E - 

Surat 

21 10 N. 

72 25 E. 

Surinam 

6 30 N. 

56 00 W 

Syracufe 

37 *5 N. 

15 5 E. 

Tobolki 

5<J 12 N. 

63 10 E. 

Toledo 

39 So N. 

3 15 W. 

Tripoli 

32 54 N. 

13 10 E. 

Turin 

45 5 N. 

7 45 B 

VaUadolid 

4 1 30 N, 

4 50 w. 

Venice 

45 2 5 N - 

12 4 E. 

Vera Cruz, Amcr. 

18 30 N. 

1 op 00 W.] 

Vienna 

48 13 N. 

16 2J E. 

Ulm * 

48 24 N. 

10 00 E. 

Upfal 

59 5* N. 

17 50 £• 

Uraniburg 

55 54 N. 

12 51 E. 

William/burg 

37 20 N. 

76 30 W. 

Worcefter 

52 15 N. 

2 ir E. 

York, England 
New York, Am* 

54 00 N. 

50 W, 

41 00 N. 

72 30 W. 

Zell 

52 52 N. 

10 00 E. 

Zurick 

47 5* N - 

8 30 E. 


Time 

at London. 

Jrl. 

M. 


XII 

2 4 

A. 

V 

17 

F. 

X 

4* 

F. 

XI 

29 

F, 

VII 

10 

F. 

III 

44 

A. 

XI 

00 

F. 

vii . 

2 7 

F. 

XII 

13 

A» _, 

XI 

7 

F. 

XI 

29 

F. * 

XII 

19 

A. 

XI 

12 

F. 

VI 

40 

A. 

X 

54 

F. 

XI 

20 

F, 

X 

49 

F. 

XI 

9 

F. 

V 

6 

A. 

XI 

'5 1 

•>-^ 
*. 

XII 

3 

A. 

IV 

5° 

A, 

XI 

so 

F. 

XI 

26 

F. 


Wherever XII is found in this Table, 
it is to be underftood to mean Mid-day, 
or Noon, at London; and the minutes 
which follow it are the number of mi- 

• nutes after Mid -day, at London, when 
it is Noon at the place againft which XII 
is found. - 

Beiides the ufe of this Table in (hew- 
ing the Latitudes and Longitudes of a 

'- Mm? great 


i 


r 
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great number of places, it is ufeful to 
thofe who make Sun-dials; For, if a 
dial be made for the Meridian of London; 
and as many places as the artift can find 
room for, be marked on the dial, againft 
the like hours which front them in the 
Table ; the fhadow of the Stile will Fall 
upon thefe places when it is Noon at 
them xefpectively. 

And,, at any time when the Suri (Lines 
on the dial, if the time thereon be count- 
ed from the fhadow to any given place, 
it will fhcw the time then at that place ; 
which time will be before Noon, if the 
fhadow be not come to the place ; or 
Afternoon, if the fhadow be paft the 
place ;. juft as much as the interval on 
the dial is, between the given place and 
the fhadow of the Stile. . 

If the dial be made for any place 
whofe Longitude is Eaft from the Me- 
ridian of London,, all the places to be 
marked upon the dial muft be fet for- 
warder than the hours which ftand 
againft them in the Table,' by four mi- 
nutes of time for every degree of Longi- 
tude 


r*- 


[ 269 ] 

tude that the place has for which the 
dial is to ferve. But if the Longitude 
of the place for which the dial is made 
is Weft from the Meridian of London ; 
all the places to be marked on "die dial 
muft be fet (backward from the times 
agakift which they ftand in the Table, 
: by four minutes of time of every degree 
of the place's Longitude. And then, 
when the (hadow of the Stile falls upon 
thele places, it will be, Noon at them ; 
which will be (boner or later than at 
the place of the dial, according as the 
Longitudes of thefe places are Eaft or 
Weft from the place of the dial. 


Afable 
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ATable for 'Comparing the ILnglijh Avoir- 
dupoife • pound - with the Foreign pound 
weight. ■' • "'•-""• 


Lohdoa Pound 

» » 

^ ^ I.OOOOi 

Hamburgh 

1.0865 

Antwerp 
Jlntftordaiot ." , 

. 1.04 

::\* urn 

Lisbon . 
Leghorn 

/ I-I3S 
0.75 

Abeville 

1.0989 

Norimberg 

1. 1363 

/Lncoaa 

' 0.7s 

Naples 

0.71 

Avignon 

, '. .0,3928 ( 

Paris 

• !•*«$ 

Ifcurdeatftc * 

1.0989 

Prague 

I.2648 

Bologna 

d.8 

Placentia 

- *.- O.72 

Bruges 

1.0204 

Rochelle ' 

i O.8928 

Calabria 

;: . 0.73 

Hom$ 

O.7874 

Calais'. 

. Q-934S 

Rouen . 

I. IO89 

Wefcpe 
J>antzic 

: 100.1,6989 

Seville;: 

* Lc.9259 

r O.862 

Tholoufe 

. 0.8928 

Fcrrana 

■»' •*- O.75 • 

Turin 

- 0.82 

^tenders 

»-*.--,Q-94J3* 

Venice 

i»o6 

4 

"Geneva - 

1.07 s 

'Vienna 

1.23 

♦Genoa, grof* 

- • • ' 0.7 * • H 

* 
* 

t 

• 

» 


• 


A Table for comparing the Eng/i/h Foot 
with Foreign meafures y in Englijb 
Inches. 


Engttfh foot 

Amflerdam 

Paris 

Rheinland 

Scotch 

Dantzic 

Swedifh 

Bruffels 

Lyons 

Bononian 

Milan foot 

Roman palm 

Naples palm 


Inches. 
12.000 
11.172 
12.788 
12.362 
12.061 
11.297 
11.692 
10.828 

*3-45 8 
14.938 

15.631 

8.779 
10.384 


Englifh yard 
Englifh eli 
Scotch ell 
Paris aune 
Lyons aune 
Geneva aune 
Amflerdam ell 
Danifh ell 
Swedifh ell 
Norway ell 
Seville vara 
Madrid vara 
Portugal vara 


Inches. 

36.000 

45.000 

45.000 

46.786 

46.570 

44.760 

26.800 

24.930 

23-380 
24.510 

33-1*7 
39* 1 66 

44-03I 
Antwerp 
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Antwerp ell 
Brufiels ell 
Bruges ell 
Bononian brace 
Romifh brace 
Florence brace. 


27.170 
.2,y.t6o 

25.200 

3°-73° 
.22.910 


Portugal cavedo 
Old Roniarrfoot 
Perfian arifli - * 
The fhort pike 
of Conftantinople 
The Jong; pike ? 


} 


*7-J5* 
1 1.631 

2*576 
27.920 


> . - * 


7& Weight and lvalue of 'Gold [and. Silver? 
.-'-'. . . Coins. ... 


>»•• • t 


^ . * 


ft" - • * 

A Troy pound of gold is worth 4$ 
pound fterling.- 

A Troy ounce is wprth -4 . pounds 
fterling. A penny weight, is worth 
four fhillings, and a grain*, is worth 
two pence ; in coinage ftandard. 

A Troy pound of iilver (coinage 
ftandard) is worth 3 pounds fterling : an 
ounce is worth 5 fhillings; a penny 
weight is worth' 3 pence, and a grain is 
worth half a farthing. 

A five Moidore piece weighs 1 ounce, 
14. penny weights, 15 grains. A 3 
pound 1.2 fh. piece weighs . 1 8 penny- 
weight, 12. grains. • A Guinea 5 penny- 
weight, 9 grains!... A Moidore 6 penny- 
weight, 22 grain*; and aPiftole 4 p.-w.* 
8 gr: 


E 272 3 

7%e proportion of Alloy in coinage* 

1 

The ftandard of fterllng fifver is 1 1 
ounces 2 penny weight of pure filver, 
and t# pennyweights of copper. 

The ftandard of fterling gold is 1 1 
Troy ounces of pure gold and 1 ounce 
of Alloy. 

Our gold is of equal finenefs with the 
Spairiifh, French, and Flemifh ; but our 
filver coin has lefs alloy in it than either 
French or Duteh. 


Jtwjb weights reduced to Englijb Troy 

weight* 


A Shekel, . 9 penny -weight, . 2.5-7 
grabs. An hundred Shekels,, or 3 lb. 
9 oz, 10 p. w. 17 grains, make a 
Manch 1 tad 50 Manches, or 1 09 lb. 8 
oz. 15 rx w. 10 gr. make a Talent. 

Jem/h 


1 


Jewijh-Dty meafure reduced to Englijh 

Corn-tneafufe* 

A Cab, 24. pints. An Omer, 5A 
pints. A Seah, 1 peck 1 pint. An 
Ephah, 3 rtecks 3 pints. A Iiethech, 
.16 pecks; and an Homer Choron 32. 

yewijh £jiquid*meafure reduced to Englijh: 

# * • 

» • > \ 

A Log, 3 quarters of a pint. A Cab, 
3 pints. A Hin, 1 gallon 2 pints. A 
Seah) 2 gall. 4 pints. A Bath or Ephah, 
7 gallons 4 pints. A Coron, or Homer, 
75 gallons 5 pints; all in wine meafure. 


yewijh money reduced to Englijh . 

A Gerah, 1.36 d. A Bekah, 1 /h, 
1.7 d* A Shekel, 2jh. 3.37^. AMina, 
6/. 16 *. 10.5 </. A Talent of filver, 
342 /. 3 s. 9 </. A Shekel of gold, 1 /.- 
16 j. of. A Talent of gold, 5475 /. 

Nn ^Ttfta 


J 
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A Table jhetying the Inter eft of any fun 
. of money \ from a Million to a Pounds 

for any number of days, at any rait 

of Intereft, 


1 


. s. d. q. I 


* Sum. 


jooooqo 

900006 

800000 

700000 

600000 

500900 

406000 

300000 

200006 

100060 

90030 

80000 

7000a 

60000 

50600 

40000 

30000 

20000 

1 0000 

9000 

8000 

7000 

6000 

5000 

"4000 

3000 

2000 

1000 


L. 6. d. <J. 


2739 «4 
2465 15 

6 0.99 

3.29 

2191 15 

1917 16 

7 i-59 

1 3.89 

1643 16 

8 2.19 

1.369 17 

3 0.49 

1095- 17 

9 *-9S 

821 18 

4 1.09 

547 18 

10 3.40 

*73 *9 

"5 *-7° 

246 11 

6 0.32 

219 3 

6 0.96 

191 15 

7 1-59* 

164. 7 
130 *9 

8.0.22 
8 *.8j 

109 11 

9 I -4 8 - 

82 3 

10 0.1 1 

S* *5 

10 2.74 

2 7 7 

11 1.37 

*4 13 

1 3- 2 3 

21 18 

'4 i.rp 

19 3 

6 2.96 

18 8 

9 0.82 

13 13 

11 2.58 

10 19. 

>2 0.5& 

8 4 

4 2.41 

5 9 

7 0.27 

2 14 

9 2.14 


Sam* 


1000 
000 
800 
700 
6oq 

500 

400 

300 
20a 
100 
• 90 

80 

s 

SO 

40 

3Q 

20 

10 

9 

8 

I 

5 

4 
3 

a 

1 





2 

H 

9 **H 

a 

9 

3. 2.12 

2 

3 

10 0.1 1 

z 

18 

4 1. 10 

1 

12 

10 2.80 

1 

7 

5 *7° 

1 

1 

11 0.50 



16 

5 *4° 



10 

11 2.30 



5 

5' 3- 15 



4 

11 W 



4 

4 241 



3 

40 0.1 1 



3 

3 1.81 



> 

2 

8 3.yr 



X 

2 1. 21 



l 

7 J.QP 



1 

I O.OO 





6 2.30 





5 3-67 





S i«4° 





4 MJ 





3 3-7 6 





3 !•»$ 



O 

a 2.52 

I 3.80 





. 



t 1.26 





2.63 


rrr 
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Multiply 
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Multiply the fum by the number of 
days, and the product thereof by the 
rate of Intereft per Cent ; then cut off 
the two laft figures to the right hand, 
and enter the Table with what remains 
to the left ; againft which numbers col- 
lected, you have the Intereft for the 

given fum. 

Example. 

Qu. What is the Intereft of ioo 1. at § ' 
f>er Cent, for 365 days. 

Number of days $6g 

multiply by too 1. 

t" — 

the produtt is 36500 

which multiplied by 5 Rate/. Cent. 


■nr 


makes 1825J00 

Then, in the Table, 

q. pa 

1000 is 2 14. 9 0.14 

800 2 3 10 O.I I 

20 011 0.60 

5 003 1. is 


1. s. d. q. parts 
'1000 is 

Againft « 


1825 Anfiw. 500 0.00 

Juft 5 Pounds : and in the fame way 
may the Intereft of any other given 
number of Pounds may be found for 
any given number of Days. 

The decimals are iooth parts of a 
farthing, 

Nn2 TABLES 
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TABLES 


SHEWING 


THe prefent Value of Annuities, 


a T 


The moil common Rates of Interest. 


BY Mr. DE MOIVRE. 
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Table I. 


Tie prefent Value of an Annuity of one 
Pound> for any number of years not 
'exceeding looylnieriji at~$ per Cent* 




17.8768 
18.3270 
18.7641 
19.1884 
1 9.6004 
20.0004 
ao.3887 
20*7658 
21.1318 
21.4872 
21.8323 
22.1672 
22.4925 
22.8082 
23.1148 
23,4124 

23.7014 
23.9819 

H^S43 
24.5187 

24-7754 

25.0247 

25.2667 

49 *J-5 0, 7 
5-729* 

i fg iiif MH »i ■■ 


S 1 

5* 

S3 

*4 

SS 


Value. 


T 


25.95U, 

26.1662 

26.3750 

26.5777 

26.7744 

5 61 2 6.965 5 

IS7I 27.1509 
58 27.3316 

159 27-5015 

60 27.6756 

61 27.8404 

62 28.0003 

63 28.1557 

64 28.3065 

65 28.4529 

66 28.7950 

67 28.7330 

68 28.8670 

69 28.9971 

70 29.1234 

71 29.2460 

72 29.3*51 

73 29.4807 
74L 29.5929 
751 29.7018 


CA 


Value. 


76 

77 
78 

79 

80 

81 
82 

*3 
8 4 

85 
861 

*7 
88 

89I 

90 

91 
92 

93 
941 

96 

97 
98 

991 

100 31.5984 


29.8076 
29.9103 
30.0100 
30 1068 
30.2008 
30.2020 
30.3806 
30.4666 
30.5501 
30631* 
30.7099 
30.7863 
30.8605 

30.9325 \ 
31,0024 

31.0703 

31 -13°* 
31.2001 

31.2622 

31.3224 

31.3809 

31-4377 
3 1 .4928 

31.5463 


tte value of the Perpetuity is 33 j Tears Purcbafe. 
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Table II. 


\the prefent Value of an Annuity of one 
.. Pound, for any number of years not 

exceeding, ioo, InUfe/i at 34. • per 

Cent. 


+mmtm**m 


*W 




2 

3 

1 

9 

10 

it 
12 

13 

14 

16 

Y % 

;*9 

20 
21 
%X 

23 
24 


i 


Value. 


0.9662 
1.8997 
2.8016 

3^7 3 * 

4.5151 
5.3286 

6.1 145 

6.8740 

7.607.7 

8.3166 

9.0015 

9*6633 

6.3027 

0.9205 

1.5174 

2*0941 

2.6513 

3.1897 

3.7098 

4.2124 

4.6980 

5.1671 

5.6204 

6.0584 

6.4815 


-4 

to 


26) 

27 
28 

2 9 
3° 
3 1 
3* 
33 
34 

3 6 

37 

38 

39 
40 

4-i 

42 
43 
44 

8 

47 
48 

49 

SSL 


Value. 


16.8004 

17.2854 

17.6670 

18.0358 

18.3920 

18.7363 

19.0689 

19.3902 

19.7007 

20.0007 

20.2905 

20.5705 

20.8411 

21.1025 

21.3551 

21.5991 

21.8349 

22.0627 

22.2828 

22.4955 

22.7009 

22.8994 

23.0912 

23.2766 

23.4556 


3 


wi 

S4 
5* 

S6 
S7 

IS 

61 
62 

64 

65 

66 

67 
68 

69 

70 

7» 
7 2 

73 t 

7 i 


Valut 


23.6286 
23.7958 

23-9573 

24-^33 
24.2641 

24.4097 

24.5504 

24.6864 

24.8178 

24.9447 

25.0674 

25.1859 

25.3004 

25.4110 

2 S-517* 
25.6211 

25.7209 

25-8>73 
25 9104 

26.0004 

26.0873 

26.1713 

26.2525 

26.3309 

,26*4067 


3 


76 

77 

7« 

79 
80 

81 

82 

83 
84l 

86 

87 
88 

89 

90 

91 
91 

93 
94 

1 95 

96 

97 
98 

99 

lioo 


Value. 


26.47 

26.55 

26*6190 

26.6850 

26.7488 . 

26.8104 

26.8700 % 

26.9275 

26.9831 ( 

27.0368' 

27 0887 . 

27.1388, 
27.1873; 
27.2341 

*7- 2 793, 
27.3230 

27.3652* 

27.4000 

274454 

27.4835 
27.5203; 

2M55$ 
27.5902? 

27.6234 


We wine of the Perpetuity is 2%~ years funhafe. 
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1 


Tablb III. 


) Ju 


♦ p 

2& prafent Fake, of an Annuity of ofti 
Pound, for any number of years under 
ioo, Interefi at 4 per Gent. 


• 

Value. . 

* 

» 

CA 

• 

Value: 

CA 

Value. * 

* 

t 

n 

• 

Value. . 

1 

0.9615 

26 

15.9827 

S» 

21.6714 

76 

23.7311 

"2 

1. $860 

*7 

16.3295 

5* 

21 -7*7 S 

77 

2 3-7799 

ft 

27750 

28 

16.6630 

S3 

21.8726 

78 

23.8268, 

4 

5.6298 

*9 

16.9857 

*4 

21.9929 

79 

2 j. 8720 

5 

4.4518 

i° 

17.2920' 

55 

22.1086* 

80 

23-9 I 53 

6 

* 

5-2 4 iL 

3 1 

17.5884 

56 

22.2198 

81 

23.9571 

V 

6.0020 

3 2 

17.8775 

57 

22.3267 

82 

23.9972 

» 

6-7327 

33 

18.1476 

58 

22.4295 

83 

24.0357 

'9 

7-4353 

34 

18.41 1 1 

P 

22.5284 

84 

24.0728 

10 

«.no8 

35 

1 8 6646 

60 

22.6234 

85 

24.1085^ 

* 

u 

8.7604 

36 

18.9082 

61 

22.7148 

86 

24.142^ 

12 

9.2850 

37 

19.^425 

6z 

22.8027 

87 

24.1757. 

*3 

99856 

38 

19.3678 

63 

22.8872 

88 

24.207^ 

14 105631 

39 

19.5844 

64 

22.9685 

89 

24.2379 

«5 

11.1183 

40 

19.7927 

65 

23.0466 

90 

24.2672 

16 

11.6522 

41 

19.9930 

66 

23.1218 

9 1 

24.2954 

»7 

12.1656 

4* 

20.1856' 

67 

23.1940 

9 2 

24.3225 

18 

12.6592 

43 

20.3707 

68 

23.2635 

93 

24.3486 

?9 

I3.I339 

44 

20.5488 

69 

23-33 02 

94 

24.3736 

20 

13.5903 

45 

20.7200 

70 

23-3945 

95 

24.3977 

21 

14.0291 

46 

20.8846 

7' 

23.4562 

96 

24.4209 

k2 

14.4511 

47 

21.0429 

7* 

23.5156 

97 

24 4431 

*3 

14.8568 

48 

21.1951 

73 

23,5727 

98 

24.464c* 

*4 

—15*2469 

49 

21.3414 

74 

21.6276 

99 

24485 V 

25! 15.6220 

50 21.4821 

75 

23.6804 

100 I4.5049 
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« 

7%e prefent Vahte' of dn' Annuity of one 
Pound, to continue fo long as a Life of 
a given Age is in beings Interefl faing 
eftimated at 3 per Cent. Table I. 


n 


3 

i 

6 

1 

7 
8 

9* 

rol 

11 
l* 

*4 

!i 

17 
l8 

19 

20 

21 
22 

*3 
J 24 


Value. 


6.6z 

r 7 .s$ 
8.46 
8.90 

9-33 
9.60 

9 .8 7 

p.S 7 

^.60 

9-47 
4-33 
9.19 

9-0S 
8 90 < 

8.76 

8.61 

8.46 

8.30 

8.15 

7-99 

7-*3 
7.66 


tfaMMOMda 


P8 


Value, 


26 
*L 

2*t 

29 

30 

3* 

3* 
33 
341 

36 

37 
38 

39 
40 

41 

4* 
43 
44 

46 

47 
48 

49 

5° 


■Mi 


7:50 

7-33 

7.1*6. 

6.98 

6.80 

6.62 

6.44 

6.*$ 

6.06 

5.86 

5*7 
5.46 
5.26 

4.84 

4- 6 3 
4.41 

4.19 
3.96 

3-73 
3-49 
3-*5 

J.Ol 

2.76 


ill 


> 

CTQ 


5i 

52 

S3 
54 

55 
56 

5 

S 1 

59 
60 

61 

62 

6 3 

66 
67 
68 
69 
70 

7i 

7* 

73 

741 

75 


** 


Value. 


2.26 
2.00 
1.73 
1.46 
1.18 
0.90 
0.61 
0.32 
0.03 

9-73 
9.42 

9.1 1 

8.79 

8.46 

8.13 

7-79 

7-45 
7. 10 

6.38 
6 01 
563 

4.8} 

4-4S* 


<3 


7 6| 

77 

7* 

79 
80 

fSi 

82 

83 
8+ 

85 
86 


*M*MV 


Value 


4«°i. 
. 3-63 

, 3-2i 
2.78 

, *-34 

< l &9 

1 -\3 
0.96 
0.49 

. 0.60 
0.00 


. 
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Table IL 


The prefent Value of an Annuity of om 
Poundy to continue fo long as a Life of 
" a given Age is in beings Inter eft being 
- ejlimated at 34. per Gent. 


1 

Value. 

> 

• 

Value, 

> 

• 

Value. 

•8 

• 

Value. 


1 

' l 

1416 

26 

1628 

5 1 

ii 69 

76 

3-9 8 


2 

l $S} 

2 7 

16.13 

5 2 

11.45 

77 

3*57 


3 

16.56 

28 

15.08 

53 

• II.20 

78 

3*ri> 

» 

; 

4 

17.09 

29 

15-83 

54 

IO.95 

I 9 

2.74 


5 

17.46 

30 

15.68 

ss 

IO.69 

80 

z 3 l 


6 

17.82 

3i 

'$•53 

56 

IO.44 

8l 

1 87 


7 

1805 

3 2 

I 5-37 

s l 

io.i8 

8a 

1.42 


8 

1 

18.16 

33 

15.21 

58 

9.01 

83 

0.95 


9 

18.27 

34 

15.05 

59 

9.64 

84 

0.48 


IO 

18.27, 

35 

14.89 

60 

9 36" 

8S 

0.00 


11 

18.16 

36 

14.71 

61 

9.08 

86 

o,oo> 


12 

18.05 

37 

14.52 

62 

8.79 


. 


13 

17,94 

38 

H. 34' 

63 

8.49 




14 

17.82 

39 

14.16 

64 

8.19 




IS 

17.71 

40 

13.98 

65 

7.88 


1 


16 

*7-59 . 

fi 

13.79 

66 

7.56 




%7 o 

17.46 

4 2 

13-59 

67 

7.24 

1 

1 

4 


*8 

! 7-33 

43 

1340 

68 

6.91 

_ 

, 


19 

17.21 

44 

13.20 

6 9 

6.57 


1 


20 

1709 

45 

• 12.99. 

70 

6,22 - 


t 


51 

16.96 * 

46 

12.78 

7 1 

5.87 


• 


22 

16.83: 

47 

12.'7 ' 

72 

5-5* 


» . • 


*3 

16.69' 

48 

12,36 

73 

5.14 

• 

. . 

. 

24 

16.56 

49 

12.14 

74 

477 


'■ 


I25 

16.42 . 

5ol 

n;92 

75 

4.38 


> 
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Table III. 

The prefent Value . of an Annuity of cne 
Pounds to continue fa long as a Life of. 
a given Age is in being,, Interejl being 
efiimated at 4 per Cent. 




• 

Value. 

1 Age. | 

• 
Value. 

> 

• 

Value. 

> 

• 

Value. 

4M **. V 

I 

13 36 

26 

iS-19 

51 

U.13 

76 

3.9 1 
3.52 

2 

1 

H-54 

*7 

15.06 , 

5 2 

10 92 

77 

3- *1 

3 

^•43 

28 

14.94 

53 

10.70 

78 

2.70 

4 

15.89 

2 9 

1481 

54 

10.47 

79 

2.28 

5 

16.21 

3° 

14.68 

5? 

10.24. 

80 

I.85 

6 

16.50 

3 1 

H54 

56 

10 71 

*i 

I%40 

7 

16.04 

32 

14.41 

57 

9-57 

82 

O.95 

8 

16.79 

33 

1427 

5« 

9 22 

83 

O.48 

9 

16.88 

34 

14.12 

S9 

9.07 

*4 

O.OO 

10 

16.88 

35 

1398 

60 

971 

85 

0.00 

11 

16.79 

36 

13-8* 

61 

8.45 

86 

/ 

12 

16.64 

37 

13.07 

62 

8.28 



l 3 

16.60 

38 

13.52 

63 

890 



14 

16.50 

39 

13 3 6 

64 

7.92 



i«; 

16.41 

4c 

13.20 

6 J 

7-63 



16 

16.31 

4i 

13.02 

66 

7-33 


^ 

17 

16.21 

4 2 

12.85 

67 

7 02 



18 

16.10 

43 

12.68 

68 

6.71 



19 

'5-99 

44 

12.50 

6 9 

6 -39 


' 

20 

15.89 

45 

12 32 

7o 

6.06 


«■ 

21 

1*78 

4 6 

12.13 

7i 

• W 2 


' i 

22 

15.67 

47 

U-94 * 

72 

5.38 



2 3 

15-55 

4 b 

11.74 

73 

5.02 


9 

*4 

15-43 

49 

11 54 

7a 

4.66 



It 

JH l \ 

s°l 

n.34 

l75l 

429 ] 
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Bcfidcs the nfe of the .firft three :>©£ 
thde Tables, asexpreffed by tlieir titles^ 
they ferve likewife to refolve the <$u£fi 
flaons concerning compound Interefi* as 


» 


r o 


'. i. To find the prefent Value efiooo£» 
payable 7 years hence t at 34. per Cent* 
From the prefent value of an Annuity 
of -t£r certain for 7 years, which, in 
7«&s II. is 6,1145, I fubtrad the Ijkq 
yaloe for 6 years, which is 5.338,6:; 
an4 the remainder .7859 is the value 
of the 7th year's rent, or of i£. pay a;* 
ble after 7 years ; which multiplied by 
1 00 gives the an fwer 785^". 18 Jh\ 

s 
'" ' . • 

V < * / 

:2. If.it be affced, what will be tb* 
Amount of the-fam S *» 7 years at $± 
per Cent? Having found .7$ 59 asabajwj, 
? tis plain; jthe amount will be —-. .-.,,{ 

.~\ -\ •' . ++ ' i » 

■^ ^Ifthequeftion is, In what time ^t 
JumiS-wiM fed&ubkd, tripled, or increaftd 
in' tiny -given*. Ratio at 3, 34, &c* per 
Cent. '.i I take in the proper .Table ia»® 
contiguous nwmbejs/whofe diffa enqe & 
s\ aeareft 


^ 


iteareft the reciprocal: of the Ratwghtn,' 
as 4., 4., &c. And the year againfbitliB 
highernumber is the Anfwer. ' , 

Thus, in 7a$ie I, agajnft the years 
22, 23, ftand the numbers 15.9639 
aijd 16.4436; whofe difoenee ; £067 
being a little more than ^5, or 4* ihsw^ 
that in 23 years, a fum S will be a Jattla 
iefs than doubled, at 3 />#* CW. carri-> 
pound Intereft. And againft the yiars 
3-6 and 37 are 21.8323, and 22.16727 
the difference whereof being -3349* 
nearly ^ (hews that in 14 years owe ft 
will be almoft tripled. . - - 

If more exa&nefs is required, taks 
the adjoining difference, whofe - error it 
contrary to that of the difference 
found; and thence compute the pro- 
portional part to be added or fubtra&ed. 
Thus, in the laft of thefe Examples, .the 
difference between the years 37 and 
38 is .3252, which wants .06 8 1 of 
•3333 (^t)> as the other difference 
'$349 exceeded it by .ctoifi. Thp_$8t]f 
year is therefore to ber divided in the 
Ratio of 16 to 81 ; that is 44 of i. 

year, 


4 
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year,' of about 2 months to be added 
to the 37 years. 

1. 7? find at what Rate of Inter eft I 
ought to lay out a fum S, Jo as it may 
htcreafe _\. for Inftance, or become * S in 
<j years* Here the fra&ion I am to look 
for among the differences is £, or the de- 
cimal .75, which is not to be found in 
'fab. I. or II. till after the limited time of 
7 years. But, in 7ab. III. the numbers 
againft 6 and 7 years give the difference 

♦75995 an( ^ tne Rate is 4 per Cent* 
nearly. 

• ♦ > 

So far Mr. De Moivre <s» this Subject, 

* 

: In queftions concerning the Values of 
Lives any how combined, recourfe muft 
be had. to Mr. De Moivres laft Edition 
ofEis'Treatife on Annuities. 

'The four following Tables, and the 
^Remarks on them, arealfo copied from Mr, 
De Moivre's Book on the Do&rine of 

The 
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*fhe Probabilities of Human Life i a<pord- 
ing to' different Authors* 

Table I. 


By Dr. Hdky. 





« 


* i 


1 

# 

r 


• » 

« • ' 


Age. 

i 

Living. 

Age. 
23 

Liring. 

Age. 

45 

Living. 

Age. 
67 

Living.: 

. 

1000 

. 980 : 

397 

172 " 


2 

855 

24 

in* < 

46 

387 , 

68 

162 < 


3 

798 

2 5 

5. 6 7* 

47 

'377 

69 

192 


4 

. 760 

26 

560 

48 

3<*1 < 

70 

142 . 


£ 

732 

2 7 

SS3' ; 

49 

357 

7i 

131 * 


-6. 

710 

28 

546 

50 

346* 

7.* 

140 - 


7 

092 

29 

539 

S' 

335 

73 

IO9 


8. 

680 

30 

53« # 

5* 

3H 

74 

88 # 


9 

670 

3« 

S 2 3 

53 

3J3 

7 5 


10 

661 

32 

S l S 

54 

302 

76 

78 


M 

653 

33 

5°7 

5/ 

292* 

77 

68 


12 

646 

640* 

34 

W m 

56 

282 

78 

58 


■3 

35 

490* 

a 

272, 

29 

49*. 


14 

634 

36- 

481 

58 

262 

80 

41 

* 

15 

628 

37 

472 

59 

2£2 

81 

34 : 


16 

622 

38 

4 6 3 - 

60 

242 

8* 

28 


17 

616 

39 

454 

61 

232 

8* 

2 3> 


! 18 

610 

40 

; 445' 

6a 

222 

84 

.«* 


*9 

604 

41 

436 

63 

212 

• 

: •. . 


so 

598 

•4* 

• 427, 

64 

202> 

» 

« 


21 

59* 

43 

L 4i7* 1 &5 
407 f 66* 

I92 

» 

• 

# 

22" 

' '*86 

44 

r8* * 

• » * 

• * t ■ « 

■ 
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Table II. 
By Mr. Kerjfeboom. 


Age 

livL.^. 







o 

1400 

Age. 

Living. 

*p. 

living. 

Age. 

Living. 

- i 

Its;. 

26 

760 

5' 

49S 
4S2 

7<i 

■6, 

. ' 

i»75 

27 

747 

5= 

?I 

130 

3 

103d 

»8 

73! 

S3 

470 

4 

<m 

*? 

?»> 

54- 

45* 

79 

r IIJ 

i 

90+ 

30 

1" 

55 

446 

80 

I0O 

947 

J> 

699 

5" 

434 

Si 

87 

8 

$3° 

3» 

687 

57 

421 

82 

75 

9'5 

33 

ii? 

S» 

. 408 

83 

64 

9 

?°4 

i 

3* 

66$ 

59 

395 

S 4 

55 

ro 

s 

<4S 

60 
61 

382 
369 

«5 
86 

41 
' 3« 

ii 

!' 8 

37 

{» 

61 

356 

87 

28 

13 

8,0 

3« 

J"S 

63 

343 

88 

21 

>4 

(6, 

39 

fo 5 

64 

329 

89 

1 "5 

■f 

M 

4° 


'5 

i'l 

90 

10 

it 

849 

4" 

i 

66 

i» 

9i 

1 7 

>7 

843 

4» 

67 

*8; 

9> 

J 

.8 

»H 

43 

J7« 

68 

*n 

93 

3 

'9 

826 

44 

»S» 

6, 

2-59 

94 

2 

so 

!' 7 

4S 

560 

7» 

«4S 

95 

1 

i\ 

80s 

46 

55° 

7« 

*I 

06 

9:6 

32 

800 

% 

!4» 

7" 

*7 

97 

O.J 

»s 

j,l 

i3 2 

73 

*>3 

98 

0.4 

34 

783 

40 

s ,8 

74 

189 

9' 

0-2 

»? 

?"., 

-?°.. 

_f°» 

75 

w 

100 

. 0.° 
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Table IH. 

By M. de Parcimx^ ■ 


ri 

bWMgr 


Liring. 

Aj^ 




; , 

.... 

2O 

766 

s 1 

S7i 

- 70. 

Wl 

■2 

• •*■ 

'7 

7S» 

5' 

S 6o 

77 

l 73 

3 

iaco 

28 

7!= 

5« 

S49 

7S 

15} ; 

! 4 

9 !t 

»9 

74" 

54 

S3| 

B 

136 

1 S 

9*« 

30 

734 

5! 

5=0, 

ri8 

6 

.99° 

5' 

7»« 

5° 

SH 

»i 

10 1 

; 7 

9*S 

3* 

7' 8. 

15 

«» 

h 

85 

; s. 

9 p2 

33 

7*9 

480 

I' 

7' 

■ 9 

X. 

3+ 

70' 

59 

476 

I* 

.59 

IO 

3S 

§6 

60 

4°» 

Si 

48 

li 

Sf. 

36 

6a 

450 

86 

J8 

12 

866 

37 

678 

6« 

437 

87 

*9 

13 

860, 

38 

67I 

63 

V 3 

88 

22 

'* 

SS+ 

39 

66 oj 

64 

409 

89 

• 16 

'5 

**. 

40 

65? 

'5 

395 

90 

11. 

1 6 

8*» 

4» 

6.JT0 

66 

380 

9> 

7 

i7 

s 8 t 

4^ 

fcl 

<7 

364 

9* 

4 

18 

828 

43 

66 

347 

93 

J 

'9 

811 

44 

629 

6, 

3*9 

94 

■ * 

20 

80S 

46 

611 
6, s 

7° 
7 1 

310 
491 

96 



21 

7?8 

47 

&>7 

l l 

17" 

9 S 

• 

ii 

79" 

48 

599 

73 

*S' 

9* 


H 

781 

49 

590 

74 

*3I 

69 


2 i 

774 

5° 

. !8, 

?s 

an. 

100 
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Table IV. 
By Meflrs. Smart and Simpfon, 


Age. 
1 

Living. 

Age. 

Liv^ 
ing. 

480 

Age. 

33 

Liv- 
ing. 

358 

Age, 
49 

Liv- 
ing. 

212 

Age. 

Uv- 
ing. 

- 

1280I 
870] 

17 

65 

99 

2 

•• 

700 

18 

474 

34 

349 

50 

204 

66 

93 

3 

635 

'9 

468 

35 

34° 

51 

196 

67 

87 

4 

600 

20 

462 

36 

33 1 

52 

188 

68 

81 

•|. 

580 

21 

455 

37 

3*2 

53 

180 

6 9 

75 

6 

564. 

22 

448 

38 

3*3 

54 

172 

70 

69 

17 

55' 

23 

44 1 

39 

304 

55 

\% 

7i 

64 

. 8 

: 541 

24 

434 

40 

294 

S*< 

72 

59 

9 

53* 

2 I 

426 

4* 

284 

57 

151 

73 

54 

10 

5H 

26 

418 

.42 

274 

58 

144 

74 

49 

11 

5*7 

*7. 

410 

43 

264 , 

59- 

i'37 

75 

45 

12 

510 

2g 

402 

44 

255 

60 

130 

76 

4> 

»3 

504 

29 

394 

4 5 

246 

61 

123 

77 

38 

H 

498 

30 

385 

46 

237 

62 

117 

78 

35 

*5. 

492 

3i 

37 6 

•47 

228 63 • 

in 

79 

3* 

j6 

486 

32 

367 J 48 j 220 1 64 \ 105 

80 | 29] 


Remarks on thefe four 'Tables of the Pro- 
babilities of Human Life. 

The firft Table is that of Dr. Hattey* 
compofed from the bills of Mortality 
of the city of Brejlaw ; the beft, perhaps, 
as well as the firft of its kind: and 
which will always do honour to the 

judgement 


1 
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judgement and fagacity of its excellent 
author. 

The next is a Table of the ingenious 
Mr. Kerjfeboom, founded chiefly upon 
Regifters of the Dutch Annuitants, 
carefully examined and compared for; 
more than a century backward. And 
Monjkur de Parcieux by a like ufc of 
the lifts of the French Tontines, or long 
Annuities, has furnifhed us Table III; 
whole numbers were likewife verified 
upon the Necrologies or mortuary Re- 
gifters of feveral religious houfes of both 
fexes. 

To thefe is added a Table of Meflleurs 
Smart and Simpfon adapted particularly 
to the city of London', whole inhabi- 
tants, for reafons too well known, are 
(horter lived than the reft of mankind. 

Each of thefe Tables may have its 
particular ufe: the fecond or third in 
valuing the better fort oi" lives, upon 
which one would choole to hold an 
Annuity 5 the French may ferve for 
Lyndon, or for lives fuch as thofe of its 
inhabitants may be fuppoied to be: 

P p 2 while 
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while Dr. Halle/ s numbers, falling be- 
tween the two extremes, feem to ap- 
proach nearer to the general courfe of 
nature. And in ■ cafes of combined 
lives, two N or more of the Tables may 
perhaps be ufefully employed. 

. Befides thefe, the celebrated Monfieur 
de, Buffon * has lately given us a new 
Table, from the actual obfervations of 
Monfieur du Pre de St. Maur of the 
French Academy, This Gentleman, in 
order to ftrike a juft mean t takes three 
populous pari(he& in the city of Part's^ 
and fo many country villages as furnifh 
him nearly an equal number of lives: 
and his care and accuracy in that per- 
formance has been fuch as to merit the 
high approbation of the learned editor. 
It was therefore propofed to add this 
Table to the reft; after having cleared 
its numbers of the inequalities that ne- 
cetfarily happen in fortuitous things, as 
well as thofe arifing from the carelefs 
manner in which Ages are given to the 
Pariih Clerks; by which the. .years that 

. , ' ■' . f Hiflpire NatxrelU, Tom*.IJ. . 

.,'•/• • t are 
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are multiples of i o are generally over- 
loaded. 

But this having been done with all 
due care, and the whole reduced to Dr. 
Halleys denomination of 1000 infants 
of a year old, there refulted only a mu- 
tual confirmation of the two Tables; 
Mr. du Pres Table making the lives 
fomew.hat better as far as 39 years, 
and thence a fmall matter worfe than 
they are by Dr. Halleys, 

We may therefore retain this laft as 
no bad ftandard for mankind in general '; 
till a better police, in this and other 
nations, (hall fur nidi the proper Data 
for correcting it,and for exprefling the 
Decrements of life more accurately, and 
in larger numbers. ' 


ATabk 
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A Table y the firjl part whereof Jhews the 
height to which a Barometer muf be 
raifed above the plane fur face of the 
Earthy in order that the Mercury may 
ft and at any given height in the Tube ; 
and the fecond part Jhews at what 
height the Mercury will f and in the 
Tube> when the Barometer is raifed to 
any given height above the Earths 
plane fur face. 



Height 
lof the 
Mercury 
in inches 


30.000 
29.000 
2&.oqo 
27.000 
io\ooo 

2£.000 

to. OOO 

-15.000 

10.000 

5XJQ0 

I. OOO 

0.25 

0,1 

0.001 
0+600 1 


Height of the Barome- 


ter in feet above the 
Earth's plane furface. 


29 miles,, or 
4.1 miles, or 
f 3 miles, or 


height of I Height of the 
the Barom- Mercury in 


eter above 
the Earth. 


inches. 
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By the firft part of this Table, and 
a common Barometer ' or Weather glafs, 
the perpendicular height of a hill above 
the plane furface of the Earth, may be 
nearly found. Thus, fuppofe the Mer- 
cury was oblerved to ftand at 30 inches 
in the tube when at the foot of the 
hill, and at 27 inches when carried up 
to the top : againft this finking of three 
inches, you have 2844 feet (or 948 
yards) for the perpendicular height of 
the hill. The fecond part is too plain 
to need any dcfcription or example. 

» 

An account ofM. Villette'j concave Burn- 
ing Mirror, 

This Mirror is 3 feet 1 1 inches in 
diameter, and its focal diftance is 3 feet 
2 inches. It is made of copper, tin, 
and bifmuth. 

The effed of the Sun-beams on dif- 
ferent bodies held in its focus were 4s 
follows: 

" Apiece 
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A pietc of Roman* UK ttegan to melt in 3 fetiuids, and was 
ready to drop in lob fecondi. ' 

Chalk fled awav'uj 35 Seconds. 

A foffil ihell calcined in 7 teconds. ' 

Copper ore vitrified in .8 fecondi. 

Iron ore melted in a± feconcb. 

A great tooth of * mh meked in 33 fecdhds* 
• Welch afbefto* Was a little calcified in 28'fecondfii 

A king George's halfpenny melted in 16 fecohds. 

Tin melted in j feconds, and had a hole in it in 6« 

A bone calcined in 4 feconds, and Was vitrified in £J» 

A diamond weighing 4 grains jofi $ parts of its weight,. v 


• *. f 


The folar beams are condenfed 1700 
times in the focus of this mirror .jfthc 
condensation in the focus being as the 
area of the mirror is to tjie area of its 
focus) and their heat, in . the focus, is 
43 3 times as great as the heat of com- 
mon, fire. 

The proportional breadth of each colour in 
the Rain-bow ^ fappofing the whole 
breadth thereof to be divided into 36©, 
•equal parts. 

The red, 45 parts; the orange, #7 > 
-the yellow* 48; the green, 60.;, the 
blue, 60; the iadigtv 40; and the 
violet, 80. ...... 

i.. • If the flat upper furface of a top be 
divided into 360 equal parts, all around 

its 
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its edge, and be divided by 7 lines into 
fo many portions or fedora of circles, 
in the abov,e proportions, and the re- 
ipe(5tiye colours be iively plated in 
thefe fpacej, but fd fl& the edge, of ejich 
colour may be made nearly like the 
colour next adjoining, that the feparation 
may not W wdldiftinguiflied by the 
eye; and the top oe made to Ipin, all 
thefe colours together will appear white; 
And if a large round black fpot be 
painted ill the middle, fo as there may 
be only a broad flat ring of 'colours 
around it j the experiment will fucceed 
the better. 

Red is the lead refrangible of all co- 
lours, bfaagg the next leaft, yelkmo the 
next, green the next, blue the next, in- 
digo the next, and violet, the moft of 

.all* 

Mr. Edward Delavnl, .R R. & j fcks 

found, by experiments on melting dif- 
ferent ' raiefeds with pure gla&, that they 
colour the glafs according to their differ- 
ent denfities or fpeeiitC' gravities;; the 
moft denfe giving a red; colour to the 

<£q glafs> 
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glafs, and the lead a blue or violet. 
Thus, gold melted with glafs makes it 
red; lead melted with glafs, gives it 
an orange colour; Giver a yellow; 
copper a green ; arid iron a blue. 


Colours produced by the mixture of colour- 

kfs fluids. 

Spirit of wine mixed with fpirit of vitriol make a red. 

Solution of mercury mixed with oil of tartar, orange. 

Solution of fublimate and lime-water, yellow. 

Tin&ure of roles and oil of tartar, green. 

Solution of copper and fpirit of fal-armoniac, purple. 

Tin&ure of roles and fpirit of wine, blue. 

Solution of fublimate and fpirit of &L armoniac, white. 

Solution of fugar of lead and folution of vitriol, black. 


Colours produced by the mixture of coloured 

fluids. 

Tincture of faffron, which is yellow, 
mixed with tincture of red rofes, make 
a green. 

lan&ure of violets, which is blue, 
and fpirit of ktlphur, which is brown, 
make a criptfim, , 4 . • - .. .. -.-.a 

Tincture 
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Tincture of red rofes, which is red, 
and fpirit of hartfhorn which is brown- 
ifli, make a blue. 

Tin&ure of violets, which is blue, 
and folution of Hungarian vitriol, which 
is blue, make a purple, N 

Tincture of violets, which is blue, 
and folution of copper, which is green, 
make a violet. 

Tin&ure of cyanus (blue- bottle flow- 
er) which is blue, and fpirit of fal armo- 
niac coloured blue, make a green. 

Solution of Hungarian vitriol, which 
is blue, and .lixivium, which is brown, 
make a, yellow. 

Solution of Hungarian vitriol, which 
is blue, and tin&ure of red rofes, make 
a black. 

Tindture of cyanus, which is blue, 
and volution of copper, which is green, 
make a red. 

Colours changed^ and rejlored. 

Solution of copper, which is green^ 
by fpirit of nitre is made colourlefs; 
and is again reftored by oil of tartar. 

Qjq 2 Limpid, 




» 
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Limpid infufion of gafta- fr m&<fe jfferi 
by a foiution of • vitriol, and traitfpajsnt 
again by oil of vitriol j aoid then <i/^ 

again by oil of tartar. 

Tiri&ure of jW rofes is made black 
by a folution of vitriol, and becomes raT 
again by oil of tartar. 

A flight tincture of red rotes, by 
fpirit of vitriol becomes a fine red\ then, 
by fpirit of fal armoniac turns green; 
and then, by oil of vitriol becomes, red 
again. 

1 Solution bf verdigreafe, which is 
green by fpirit of vitriol becomes co» 
lourlefs ; then, by fpirit of fal armoniac 
becomes purple * y and then, by oil of 
vitriol becomes colourlefs again. 

$he quantity of "Land and of Water on 
s the Earth' s furf ace, 

t * 

: - The feas and unknown parts of the 
Earth (by a meafurement of the beft 
maps) contain 160,522,026 iquare 
miles ; the inhabited parts 38,990,569; 
Europe, 4,456,065 j Afia, 10,768,823; 

Africa, 
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ica, 9, ^64, $07; and America, 
14,110,874* In all, 199,512,595; 
which is the number of fquare miles on 
the whole furface of the Earth. 

The weigh of the whole Atmoffhere. 

* 

On a fquare inch, it is 15 pounds ; 
on a; fquare foot, 2160; on a fquare 
yard, 19,440; on a fquare mile, 
60,217,344,000; and on the whole 
furface of the Earth, and Sea together, 
1 2,014,? 1 8,565,447,680,000 pounds. 

The furface of the body of a middle 
fiz'd man is about 1 4 fquare feet ; and 
as the weight Or preflure of the air-' is 
equal to 2160 pounds on every fquare 
foot on (or near) the Earth's furface ; 
and as the preflure of the air is equal 
in all manner of directions, its preflure 
on the whole body of a middle fiz'd 
man is equal to 30,240 -pounds, or i$i 
tons. But, becaufe the fprmgof the 
internal air is of equal force vrith the 
preflure of the external, the preflure is 
cot felt. . « . 
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The diameter and circumference of the 
. viftbk part of a cloudy Jky. 

The greateft diftance * of the clouds 
in the horizon at fea is 94. miles from 
the obferver, all around; and conse- 
quently, the whole extent or diameter 
of the horizon j reaching to the clouds, 
is 188 miles; and the circumference 
thereof is 590.97 miles. 

'The velocity of Light* 

It has been proved, by the eclipfes 
of Jupiter's Satellites, that light takes 
8 minutes of time to come from the 
Sun to the Earth. And as the Earth's 
diftance from the Sun is 95,000,000 
miles, in round numbers, 'tis plain that 
the velocity of light is 11,875,000 miles 
in a minute, and confequently 197,916 
miles in a fecond; which is 1,486,458 
times as fwift as the motion of a cannon 
ball, and 10,440 times as fwift as the 
Earth moves in its annual orbit. 

'"••*■ The 
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7%e velocity of Sound. 

\ 

i • ■ 

According to Dr. Halley> Mr. Flam- 

fieed % and Mr. Derham y found moves 

1 142 feet in a fecond of time, 685 2p 

feet in a minute, and 778.636 miles in 

an hour. 

Hence we may know how far a th wi- 
der cloud is from us, if we have a watch 
that mews feconds. Thus, fuppofe 
there were four feconds from the mo*- 
ment we fee the flam of lightning to the 
moment we hear the clap of thunder^ 
.'tis plain that the cloud which produced 
,thc thunder is four times 11 42 feet, or- 
4568 feet from us; which is ahpi 
four fifths of a mile. 
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he caufe- of the ebbing and flowing of the 
fea at the' fame time on appofmfiief if 
the globe. 


1 , 


* The reafon why the tides rife, on the 
fide of the Earth which is at any time 
turned towards the Moon, is plain to 
every one ; be caufe her attraction muft 

occafion 
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occafion a fwelling of the waters td* 
ward her on that fide: but the caufe 
of as great a fwelli at the fame time, 
on the oppofite fide of the Earth, which 
Is then turned away from the Moon, 
'has been very hard to account for 5 be- 
caufe the rifing of the tide there is in a 
"{Hre&ion quite contrary to the attraction 
r of the Moon. But this difficulty ft 
immediately removed, when we con- 
sider, that all bodies moving in circles 
have a centrifugal force, or cbhftant 
tendency to fly off from the centers of 
the circles they defcrlbe ; and this cen- 
trifugal forge is always in proportion to 
the diftance of the body from the center 
of its orbit, and the velocity with which 
it moves therein. 

r When the body is large, the. fide of 
it which is fartheft from the center of 
its orbit will have a greater degree of 
centrifugal force than the center of 
the body has ; and the fide of it which 
is neareft the center of its orbit will have 
a left degree of centrifugal force than 
its center has. 

As 


r 
I 
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As the Moon goes round the Earth 
every month in her orbit, the! Earth alfo 
goes round an orbit every month, which 
is as much lefs than the Moon's orbit, 
as the quantity of matter in the Moon 
is lefs than the quantity of matter in 
the Earth, which is 40 times. For, by 
the laws of nature, when a fmall body 
moves round a great one, in free and 
open fpace, both thefe bodies muft 
move round the common center of gra- 
vity between them. 

The Moon's mean diftance from the 
Earth's center is 240,000 Englifti miles: 
-divide therefore this diftance by 40, the 
difference between the quantity of matter 
in the Earth and Moon ; and the quo- 
tient will be 6000 miles, which is the 
diftance of the common center of gra- 
vity (between the Earth and Moon) 
from the center of the Earth. 

Now, as the Earth and Moon- move 
round the common center of gravity 
between them, once every month ; 'tis 
plain, that whilft the Moon moves round 
her orbit, at 240,000 miles from the 

R r Earth's 
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Earth V center, the center* of the Earth 
defcribes a circle of 6000 miles radium 
round the center of gravity between the 
Earth and the Moon; the Moon's at- 
traction balancing the centrifugal forjce.. 
of the Earth at its center. . ,! 

The diameter of the Earth is 8000 
miles, in round numbers, and conse- 
quently its femidiameter is 4000: fo 
that the fide of the Earth, which is at 
any time turned toward the Moon, is 
4000 miles nearer the common center 
of gravity between the Earth and Moon 
than the Earth's center is ; and the fide 
of the Earth, which is then fartheft from 
the Moon,, is 4000 miles farther from 
the center of gravity between the Earth 
and Moon than the Earth's center is at 
that time. • 

Therefore, the radius of the circle 
defefibed by the, parts of, the Earth 
which come about toward the Moon, 
by the Earth's diurnal motion, >is 2000 
miles ; the radius of the circle described 
by the Earth's center is • 6000 5 .and.tJop 
radius; of the circle defcribed b/ thofe 

parts 
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parts of the Earth which* in revolving 
on its axis, are furtheft from the Moon, 
is ' 1 0000 miles. 

The centrifugal forces of the differ- 
ent parts of the Earth being directly as 
their diftances from the abovementioned 
common center of gravity, round which 
both the Earth and Moon move, thefe 
forces may be exprefled by 2000 for 
the fide of the Earth neareft the Moon, 
by 6000 for the Earth's center, and by 
1 0000 for the fide of the Earth which 
is farther!: from the Moon. 

But the Moon's attraction is greater! 
on the fide of the Earth next her, 
where the centrifugal force or tendency 
to fly off from the common center of 
gravity (and confequently, from the 
Moon) is leaft; and therefore, the tides 
muft rife on the fide of the Earth which 
is neareft the Moon, by the excels of 
the Moon's attraction. 

As her attraction balances the <sen- 

tcifugal force at the Earth's center, 'tis 

plain that the centrifugal force of 'the 

Hdt of the Earth which ;is" fattheft .fr bm 

- * • . R r z the 


the Moan is greater. titan her.attmftioofj 
and therefore, the tides will rife as high 
upon that fide from the Moon, by the 
excefs of the centrifugal force, as . they 
rife on the fide next her by the excefs of 
her attraction. And as the Earth is 
in conftant motion on its axis, fo as that 
any -given meridian revolves from the 
Moon to the Moon again in 24 hours, 
504.* minutes, each place will come to 
the two eminences of water, tinder and 
oppofite to the Moon, in 24 hours, 501. 
minutes, or have two tides of flood ana 
two of ebb in that time. For, as much 
as the waters rife above the common 
level of • the furface of the fea, under 
and oppofite to the Moon, fo much 
they muft fall below that level half way 
between the higheft places 5 or at 90 
degrees from them, • 

On.thefe principles, it is equally eafy 
to account for the rifing- of the tides, 
at the 'fame time, on both fides of the 
Earth :;.and this rifing \& made evident 
to \ fight in my Lecture on the central 
forces j and the: principles on which it 
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depends are made obvious to the under- 
ftandings of all. the obfervers. , 


• \ 


Surprifing. properties of numbers, placed 

infquares and circles. 

I have feen feveral different kinds of 
(what is generally called) magic fquares ; 
but haye lately got a magic fquare of 
fquares and a magic circle of circles of 
Si very extraordinary kind, from Dr. 
Benjamin Franklin of Philadelphia, 
with his leave to publish them. The 
magic fquare goes far beyond any thing 
of the kind I ever faw before ; and the 
magic circle (which is the firft of the 
kind I ever heard of, or perhaps any one 
befidesj is ftill more furprifing. What 
the Doctor's rules are, for difpofing of 
the different numbers fo, as that they 
mail have the following properties, I 
know nothing of: and perhaps the rea- 
son may be, that I have not ventured 
to afk him; although I never few a 
more communicative man in my life. 
The pktes of thefearc at the end of 
the Ijbok. Plate 
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A magic fquare of f quarts. 

* - » 

The great fquare is divided into 256 
fmall fquares, in which all the number? 
from 1 to 256 are placed, in 16 
columns, which may be taken either 
horizontally or vertically. The proper- 
ties are as follows. 

. 1. The fum of the fixteen, numbers 
in each column, vertical and horizontal, 
is 2056. 

2. Every half column, vertical and 
horizontal, makes 1028, or half of 
2056, 

. 3. Half a diagonal afcending, addep* 
to half a diagonal defceqdiog> makes 
2056^ taking thefe half diagonals 
from the ends of any fide of the fquate 
to the middle thereof; and fo reckonr 
ing t;hem either upward, or downward ; 
or fide^ife from ..left to right hand, or 
frqm. right to Jeft.. ... 

, 4. The. fame, with all the parajlgjs 
$0 the, half diagonals* as. marjy,a£jcan be 

drawn 
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drawn in the great fquare : for any two 
of them being directed upward and 
downward, from where they begin to 
where they end, their fums will make 
2056. The fame downward and up- 
ward from where they begin to where 
they end ; or all the fame if taken fide- 
wife to the middle, and back to the fame 
fide again. 

N. B. One fet of thefe half diagonals 
and their parallels, is -drawn in the 
fquare upward and downward. Anor 
ther fuch fet may be drawn from any 
of the other three fides. 

5. The four corner numbers in the 
great fquare added to the four central 
numbers therein, make 1028 ; equal to " 
the half fum of any vertical or horizon- * 
tal column, which contains 1 6 numbers ; 
and equal to half a diagonal or its pa- 
rallel. 

6. If a fquare hole (equal in breadth 
to four of the little fquares) be cut in a 
paper, through which any of the fifteen 
•little fquares in the great fquare may 
be feen, and the paper be laid on the 

great 


V 
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great Iquare; the fum of alFtne' 16 
numbers, feen through the hole," is equal 
to the fum of the Sixteen numbers in 
any horizontal or vertical column^ w& 

to 20CQ. * 

> - ... 

Plate It.".' 

... 

-^ ftftfjw arc/^ <?/ circles. 

r 
I . * * ' ... 

• * r * . , 

This, circle is compqfed of a feries of 
numbers, from. 12; to 75 incluuVe, di- 
vided into eight concentric circular 
{paces, and ranged in eight rafdii ' of 
numbers, with the number r2 in the 
center ; which number, like the cejnter, 
is common to all thele circular, (paces, 
and to all the radii. 

The numbers are fo placed, that the 
fum of all thofe in either of the con- 
centric. circular ipaces above-mentioned, 
together with the central number 12, 
make 360; equal tp the number of 
degrees in a circle. 

The pumbers in each radius alfo, to- 
gether with the central number 12, 
make juft 369. The 


' ■ 'ff&hitiaAviiui *alf of a&f 'of the 
above filreulac ftiacesi taken either above 1 
or' ^bdltd^ thtf doubte- horiztofcal- linej 
jvith h$f the central numbed 12» make! 
1 80; equal to the number, -of degreei 
in a feffi^circld.^ ■ "■• 

If t&ny four adjoining nittnfcers h& 
taken, as if in d fquare, iri the radial 
divifions of thefe • circular fpaces ; the 
ium of thefe, with half the central hum> 
ber, rjrfake i$o. « t::: ; • • 

There are, moreover, included four 
Jets of other circular ^>aces, bounded* by 
circles^ which are excentric with f efpecl: 
to the com roon : center ; eacn of thele 
fets containing fiv£ fpaces. The' centers 
of the' circles which bburid them are 
at A y B> C, and: D. The- fet whofe 
•center is et A is bounded by dottefl 
lines V the fet whofe center is at G h 

• » • 

bounded by lines or • mort unconnected 
ftrokes; and the fet round D is bounded 
by Ikies of unconnected longer ftroke*, 
to diftinguifh them from one -another. 
In drawing this figure by band, the fet 
of concentric circles ^kouM-be drawn 

S f with 


whh^lacfc inkj,a£d tfce, few ..#%$«$: 
fets ftf exfc^fttric circJes . wjtfi jfejjk " 
Of fok of diffe^t colours j 3s blu^re^ 
yellow, and green, for ; dl^ngjijihina 
them readily, fam one another. t . , • , „;" 
/ . iThefe fets of excentric c»rcufer//pacipft 
jn?er(e& .thofe of tlte, concentric, an,d 
fcach other : and yet, the numljer^ con- 
tained in each of theexcentric .fpaces* 
taken all around through any of the 2p p 
which are excentric, make the fame 
fuxn as thofe in the concentric; namely 
360, when the central number. 12 is 
added. Their halves alfo, taken, above 
or below the double horizontal line, with 
hajf the central number, make 180.' 

Qbferve, that there is not one of the 
numbers, but what belongs at- leaft to 
two of the circular fpaces: fome to 
three, fome to ! four, fome to five : and 
yet they are all fa placed, as never to 
break tfe required number 360, in any 
ortthe-a^ circular fpaces within the pri- 
motive |CircJev J v-. ' r » ( .. : 
2 % J15oj fjrin^ i\\<t&\ patters! in f view, I 
• hate, b^eft-opfc; jitf $*e [a^ers as 

r* *| -* 1 ! i v .l.t 5 ...'.!!-- .lL'. *-— I- '-- ' ' above- 


»_«.-■. «■- 


i- 


* J" " < 


aboV^fttei 
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: ana haveplaced them 
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tnc circular (paces, always begfhjiin 
with the outermoft, and ending wit 
the innermoft of each fetj and al(b n the 
tMmbefs as they (land in the eight 
radii, Jroni the circumference to th? 
center : the common central ' number 
12 bejng place4 the loweft iq each 
column. 
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tf ftow^ we take any &u* " ;r4 "7V 
numbers, as in a -fcjuare form, 3 25 63 
cither From M V 1* N 9 . r 2. (a* : 6 
fuppofe from N* i t .) is in ihe ; : 
margin; and add half the ceife- - " •'• * 
tral number 12 to them, the . 
fum will be t$o 5 equal 'to^ ; / 
hal£ tbfc-ntimbers iff any drctHi «•: ; 
lar fpace, taken above or be*. . 
low the double horizontal 
line : and equal to the number 
of degrees- in a femicircle. 
Thasj .14, .72^ 2$i 63>ahd'6, r : 
jmke 180. .• « t •,!.!. 
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The numbers rola^ to. the Leftures 
read on the machinery tQ which tbey 
are prefixed.' '-. - .• • *. .;, 
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Simple ,machine/(br demonftrati 
the powers of the lever, the wheel 
axle, the pullies, the inclined plane, the 
wedge, and the fcrew. 

A ^compound engine in which all 
thefe fimple machines work together. , : 
, A working model of the great crane 
iX'Ibr'ifal; which is reckoned tofbe tb& 
peit crane in Europe. .' ..". - [■..;. , _. \ 
i ? i A working model of a crane thai 
naft'four different powers, to i?e adapter 
to the different weights intended, to be 
faifed; invented M WoSmsiSflW, V 
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f e machines for fl^Wflfia'ft 

center o£ gravity of, bodies, and how" far 
a tower may incline without danger o£ 
falling. 

A double cone that feeroingly rolls 
«>-hill of itfelf, whilft \% is ac^uaHy 4e- 
fcending, * { '' • . , M ,. 

A machine made in the figure,.: p£ a 
human creature, that tumbles backward, 
by continually overfetting the certfejyof 
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Models of wheel carriages; foaae^ith 
Broad wheels, others with . i^aixqw.i 
fome with large wheels, [ t and, o&^a with 
{mall : forprovin^expWi^en^i^w^cli 
fort is the belt. M „ ,».;*. 

A machindLfor.yiewHig what 
of power ir Efficient to draw a 

" f/: - cart 
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^ua*dt£b£ Wight t<5 B^drawr^iig, ^and 
<h*angfe *&fce Hifl'^eigfit, ^ known;. 
- ' • 5 A tnafehihe^ for ; cfilmmfinirig' jffiioiu 
and {hewing taat"tKe : fHdroir»tibtin 
proportion to the quantity of the furface 
that either rubs ot-rolls; but in pro- 
portion to the weight, with which ^ the 
inachine 7 ^ toaded. ; y : • : - ' •" ' : ; • i r * : * 
"' l A modeF of a liicJf , cqrious l&k-rtef, 
ihvented'by Mr. Vtrtier *rie&'&rwgm 
in Somerfetjbize. . ., ;-. '* 

'" AJarge-* working inbdel" of a :"5Vktcr- 

"miir .for fawfng-timber : « ^ "- . ' ' 

. A model of a Hand-mill for" grinding 

'com. " " *; . 

} ■ "- A TTibdel- of V 1^ef-niil V'foV ' 'Win- 
dowing and' grinding' torn, drawing up 

the lacks, and boulting the. flout. 
1 * A model of Df ^Barkers "Water-mill 

(for grinding coihj in 'which Mill* there 
; Js.nerther wheel hor' tfuiidle. * . ' r 7 / 
1 ' * A torachine* for ^emOnftratjng that 

the power of the .wind*,' on' windmill 

fails, 


v .. . * » » fe • • • * 
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fails,' Sr. a&ndie &ju#e f of the velocity ci 
the wind. 

'•'A rW&fel :of the'engtiie by which the 
pile* were driven, for a foundation to the 
piers ol WeftmitijUi* bridge. " 




' ill*' 

A ' machine fop (hewing that fluids 
weigh as much in. their own elements 
as they do in air* ! ■ 

A machine for ihewing that, on 
equal bottoms, the preffufe of . fluids it 
in proportion to .their perpendicular 
heights j let their quantities be ever fo 
great or ever fo (mall. 

Machines for (hewing that, fluids pwfc 
equally in all manner of directions* 

A machine for (hewing how an ounce 
of water in a tube may be made to raife 
and fupport {iateen -pound Weight of 
JeacLr. . 

A machine for. {hewing, that, at equal 
height*, the frofclteft quantity of water 
whatever will balance thegceateft quan- 

T r tity 
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tky itfotover;; i^ jt|»^i^bn^ j^n, *r 

bottom. .; M ':t •/ . jj 

lead «a^fc$ £nt& &>i£v\wi ia ty&iGfy end 

the lighted woodM &&<m tyat*r,, > • . « 
Machines for {hewing and demonflra* 
ting the hydroftati&t paradox. 

A machine for demonstrating that 
tf& we%bt ya£. -.ib&i quantity '^ofi water 
dttplocad hjF* {hip lis .equal to the whole 
weight of the {hip and cacgo; \ 
• Machine^ lor iHewiog tie working of 
{yphotik^act&ihQ Tania/ui't ciip.l .' 
: A -kegt-pachinecfoD (hewing the 
caiife aiwl explaining the phefaqraetia of 
ebbing and flowing! wefts* : and. of inter- 
trrittingaHd' rect^rGcadag {priogsk , : 

• * "» ' * P ' 

r * 

*- x MacWhtfe* foj- -Shewing th>?:when 

{olid bodies are immerfed and fufpeaded 

-in fliiidvfcne folid iotas as rmich of its 


weight asjts-bujk^of the fluid <we^ghs; 
and. that the weight ioft by tHe;*blid is 
imparted to the fluid.- 

Ahy-; 


A hydroftatic balance, for {hewing 
the fpecific gravities of bodies, and de- 



' Glfifl'mocjels fdr^^in^tlie^Hrttiaure 
arid operations bf^fclang/'foifcing and 
Jifting pumps. . > 4 ''".«'•' 

;- A- working moder t>jF "anrcngma *t<x 
extingqiffiing fire. • "■ 





of w^ter/tui;niQg a ,y heel. " " "' * 

,. A working model of the rerfim 
wheel for railing water. i 
; A model or the great jiydratihc ejngme 
U& ! Z#*fi* bridge, l that goes '1>y tl*e 
tides,, and reifes water .by forging pumps'. 


V.' and VI: 


» r 


- > 


* "An 'Air- bump, "with a ' great appara- 
tus to" it, for experiments Ihewing the 
weight and fpring of the air. " -'* ' '• 
•■' A.#iri<<-guri. ' : 


. -. • ** *- » » » •**->» » ^» N \ 

: J -- K'fpge- armilUry [fphene, -forfljjsewjng 
the apparent motions of f the Slip f afld 
Moon, with tfce tjmes of their r*(klg and 
letting, in all latitudes, am) ori all the 
days of the year. " '> - 

A wooden model 'of an aftronpfnical 
cloclc, /hewing the apparent motions and 
times' of. riling and letting of the Sun, 
JVfoon, and Stars, with thp age and 
phafes of the Moon, at all tirnes: 
*. ; Another model of a clock, for (hew- 
ing the apparent motions of tfie Sun and 
ijars, With the times of their riflngahd 
Jetting^ and tjie (Equation pjf*nat*ifaj 
days* ' ♦ - *"' : - • 

X ftmpTe machine, by whlcb all the 
principles pf dialing . are made' evident 

fp fight. :•■■:*:.,.. jh 

. ' iPdrdife unjverfal dial,' for finding a 
meridian line, and (hewing thetrtje fojar 
$ime pf the cjay. 

^hree dials of different kinds joined 
tochers Qn all -pf which, the time of 


{ m ) 


the day is fhcwri by the fliadow of one 
ftile. * -:7 

A coHe&ien of nine dials, all in one 
portable Jnfjfument, (hewing the^time 

: of the ;day in *ajl latitu4es ; and. jilt the 
places of the E^rth Hrhere ifci*day,..a«d 
where it is night, at any time when the 
Sun (nines on the dial: acid all the 
places ©f die Earth to which the Sun is 
rifing, $&d to which it i* fetting at.tbftt 

..time,. ...... 

An.uniyerfel dial in the fornxof.-a 

plain crofe. • . 

An inftrument for finding the true 
.diftances of all the Forenoon and. Al- 

„teroo6f* hours from XII >: on horizontal 

; v aad. : vertical dials, for all latitudes. 
And alio for finding the hour of the 

-.day,; a^d-the variation of the , compaft, 

:,;at any-|>lacei together with the Sun's 

declination, azimuth, amplitude, and 

i: time, of f$ng and fetting, in any ,giyen 

r latitude,-; . 
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* •. "A" whirling taMe, for- explaining' -and 
rdoftfcSiftnllhig - the • laws' i by Which* the 
phnets rliotite, aiid are *etainect c $n r €heir 
wbitsr-thftt? the Bfc ri ! arid 1 all- tfiV planefe 
tttore round : their common center • of 
-gmviity :that the Earth and Moon rHbve 
rioond' their coirimdri- center v 6f gravity 
'*ricef' e?ery ; montfii ! thatf -the -Earth 
movc6 round the Sun, in common with 
rifle r«flr of the planets, andtuths round 
its own axis : that the power of gravity 
:dhiiffii(h<jr : in~pVo^rSidn as the %are 
-af tha diftance from -the- attfraclmg body 
: iwereafes"*: "that 'a dbuble vfe!deit^*fii r any 
.OYbit^wbuM require' a ^uatJrUpfe* power 
•of gravity to retain : the Sody in* that 
< orbit : that the 'l^uares : of the^per K)di- 
<ai 'tivn'ds in which the planets, move 
- { roundUhev Sun arfeiii 'propoffc&iT ti5 v the 
..otibed of their diftanees f?oWi the'Siih. 
A plain. experimental dernonftra'fibn of 
the doctrine of the tides ; and the cauie 
oXifceir ruing equally high, at tfhe feme 
• time, on oppofite fides of the Earth. 

IX, 
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: v A #8r#* % fl»^ n ft:^ ****** 
orthe, comets. .-, .. . . ... r ..,. .,..; ..... 

' Aa lVK CR v^avw the teal >W« 
of the planets round the Sujq * the . aga 
parent v ft atiom, flire& and setrogqade 
motiansjof Mercury and Vem%,.as,{pett 
rom the Earth : . f $e ;: cUffei?ea£ r .lengtfl| 
of days and nights, and all the , vacjtiIi r T 
tudes of feafons, arifing from the di- 
urnal and annual motions of the Earth: 
the motions and various phafes of the 
Moon: the Harveft-moon: the tides: 
the caufes, times and returns of all 
the eclfpfes of the Sun and Moon: the 
eclipfes of Jupiter's, ijitellites, and the 
phenomena. ofsaturnYririg. 

In London, any number of perfons, 
not lefs than twenty, who will fubferibe 
one Guinea each, may have a courfe 
of twelve Lectures read on the above- 
mentiQned Apparatus, provided they 
agree to have at leaft three Leclures a 

week; 


A 


week ; in which they may appoint the 
days and hours that arc moft conveni- 
ent for themfelves, „ . ' . . 
1 Within ten miles of London* any 
number, not lefs than .thirty, may have 
a courfe ; each fubfcriber. paying one 
guinea. -And, 

Within an hundred miles of London, 
any number of fobfcribers, not lefe than 
fixty, may have axdurfe; each jp^ying 
as above. f - 
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